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Introduction 


A few yean ago. when microprocessors were first introduced, computer enthusiasts 
and electrical engineers were one and the same. Those of us who lived only to solder 
Huge after Huge basked in our glory. Now. however, the prices of completely assem¬ 
bled and packaged systems have plummeted. Today anyone with an interest, almost 
regardless of technical capabilities, can own and operate a computer. Buying a com¬ 
puter is now similar to purchasing a television set and the ranks of computer en¬ 
thusiasts have swelled accordingly. 

With any popular movement, the available literature reflects the concerns of a ma¬ 
jority of the followers. And. consistent with the popularization of computer science, 
the technical emphasis on computer bookshelves has shafted away from hardware 
design. Other than Introductory texts called, say. How Logic Cain Work, most com¬ 
puter books either treat microcomputer hardware simphstically or attempt to be 
“catch-all" cookbooks, sometimes omitting tasty ingredients. Often, the only alter¬ 
natives are engineering texts and trade journals, tedious reading at best. 

For a number of years. I have been writing a column for BYTE magazine, and reader 
response has shown that there still exists a great deal of interest in hardware design and 
do-it-yourself pro|«ts. At the same time. I've been painfully aware of the lack of 
materials for such people. Most queries come from technical or high school students 
who have read all the descriptions and studied the block diagrams, but who crave prac¬ 
tical answers and system examples. Unfortunately, there art very few books 1 can sug¬ 
gest. 

Build Your Own ISO Computer is a book mitten for technically minded individuals 
who are Interested In knowing what is inside a microcomputer. It is for persons who, 
already possessing a basic undemanding of electronics, want to build rather than pur¬ 
chase a computer. It is not an introductory electronics handbook that suits by describ¬ 
ing logic gates nor on the other hand is it a text whiten only for engineering students. 
While serving to educate the curious, the objective of this book is to present a practical, 
step-by-step analysis of digital computer architecture, and the construction details of a 
complete and functional microcomputer. 

The computer to be constructed is called a ZSO Applications Processor-ZAP com¬ 
puter for short. It is based on the industry standard Zilog ZtO microprocessor chip. 
This chip was chosen on the basis of its availability and low cost, as were the other 
components for ZAP. To further help the homebrew enthusiast, and for those ex¬ 
perimenters who prefer to start a book at the back. I have listed in Appendix A a com¬ 
pany that supplies programmed EPROMs (erasable-programmable read-only 
memory). 

I have structured the book as a logical sequence of construction milestones in¬ 
terspersed by practical discussions on the theory of operation. My purpose is twofold: 
to help a potential builder gain confidence, and to make the material more palatable 
through concrete examples. 

Though this is basically a construction manual, considerable effort b given to the 
“why's" and 'Tiow’s" of computer design. The reader b exposed to various subjects, in¬ 
cluding: the internal architectures of selected microproces s ors, memory mapping, 
input/output interfacing, power supplies, peripheral communication, and program¬ 
ming. All discussions try to make the reader aware of each individual component's ef¬ 
fect on the total system. Even though 1 have documented the specific details of the ZAP 
computer, it is my intention (and the premise of the book) that the reader will be able 
to configure a custom computer. ZAP b an experimental tool that can be expanded to 
meet a variety of applications. 




ZAP is constructed at a tenet of subsystem* that can be checked and exercised in¬ 
dependently. The first item to be built is the power supply. This is a good way to test 
ability and provide immediate positive reinforcement from successful construction. 
The three-voltage supply b both overvoltage and overtcrr.pcrature protected and has 
adequate current for an expanded ZAP system. 

Next, the reader learns why the ZSO was chosen for ZAP and the architectural con¬ 
siderations that affect component selection on the other subsystems. A full chapter is 
devoted to the ZfC chip. Each control sqpial is explained in detail and each instruction 
b carefully documented. 

The hardware construction proceeds in stages with intermediate testing In order to 
ensure success. The basic elements of the computer are assembled first and then 
checked out. The reader selects which peripherals are to be added. The book contains 
sections on the construction of a hexadecimal display, keyboard, EPROM program¬ 
mer, RS-232C serial interface, cassette mass storage system, and fully functional CRT 
terminal. In addition, a chapter addresses interfacing the ZAP to analog signals. I pro¬ 
vide specific circuits that can convert ZAP into a digital speech synthesizer or a data ac¬ 
quisition system and data logger. 

A special 1 K (1024 bytes) software monitor coordinates the activities of the basic 
computer system and the peripherals. Software is explained through flow diagrams and 
annotated listings. With this monitor as an integral component. ZAP can function as a 
computer terminal, a dedicated controller, or a software development system. 

Build Your Own ZSO Computer b a book for hardware people. It cuts through the 
theoretical presentations on microcomputers and presents a real ‘’How-to" analysis 
suitable for the reader with some electronics experience or for the novice who can call 
someone for supervision. From the power supply to the central processor, this book is 
written for people who want to understand what they build. 

Steve Ciartia 
May 1991 
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CHAPTER 1 
POWER SUPPLY 


It's nol enough to build a central processor card with a little input/output (I/O) and 
memory, and call it a computer. From the time you walk over to the computer and flip 
the twitch, the system it completely dependent upon the proper operation of it* power 
supply. A book concerned with building a computer tytlem Irom scratch would be 
completely inadequate without a description of how to construct an appropriate power 
supply. 

Much has been written on the subject of direct current (DC) power supplies. There 
are DC to DC and AC (alternating current) to DC converters, switching and shunt 
regulators, constant voltage transformers, and so on. It's not my intention to make a 
power supply expert out of everyone. Instead, I will outline the design of the specific 
DC power supply which we will use to power the Z90 Applications Processor (ZAP). 

In large computers, the DC supplies convert enormous amounts of power to run 
thousands of logic chips; by necessity, manufacturers choose the most efficient 
methods of power conversion. These state of the art methods would be expensive and 
difficult for the hobbyist to build in prototype form. Fortunately, the power demands 
for ZAP are much less than those of the Urge computers; wt can take advantage of 
established design methods while Incorporating the latest advances In regulator 
technology. Figure 1.1 is a block diagram of the power supply for ZAP. 

Each of the three DC supplies necessary to power ZAP consists of three basic 
modules; a transformer section to reduce the 120 VAC line voltage to the lower voltage 
used by the computer; an input rectifier/filter to convert AC to low ripple DC; and a 
regulator which stabilizes the output at a fixed voltage level. Overvoltage protection 
circuitry will be discussed separately. 
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Figure 1.1 A block diagram of me base pc»er st«vy k*tre ZEG Aoptcanons Processor (ZAP). 
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The proper specification of the transformer and input filter b often neglected by hob¬ 
byists who overlook the consequences of a poorly designed filter. This b caused, in 
part, by the abundant technical information circulated by semiconductor manufac¬ 
turers eitoDing the virtues of their regulator circuits. One can easily conclude from thb 
-publicity gap - that the regulation section of the power supply b the only component 
worthy of consideration,- and in fact, advances in regulator design and the advent of 
high-power, three-terminal regulators have reduced the need for the analog designer In 
the application. In the past. 25-odd com p onents and considerable calculations were 
to produce an adequate voltage regulator. Now. however, the majority of 
n be accommodated with a single, compact device. Even so, an input 
filter section should not be takrn lightly and still requires thorough consideration and a 
modest amount of computation for each application. 

There are three supply voltages necessary to operate ZAP. Each supply incorporates 
an input filter section. Because the +5 V supply b the most Important, It receives the 
most attention. For the purposes of thb discussion, we will divide the supply into two 
sections; transformer/input filter, and output regulator. 


A standard input filter block diagram is shown in figure 1.2. In its simplest form, it 
consists of three components that function as follows: 

• A transformer that isolates the supply from the power line and reduces the 120 VAC 
input to usable, low-voltage AC. 

• A bridge rectifier that converts AC to full-wave DC and satisfies the charging cur¬ 
rent demands of the filter capacitor. 

• A filter capacitor that maintains a sufficient level between charging cycles to satisfy 
the regulator input voltage limitations. 
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DESIGNING AN INPUT FILTER 

You would think that specifying the transformer would be the first consideration 
when designing a power supply. Yes and no. The approximate output voltage can be 
determined by rule of thumb, but the exact requirements are deduced only by a 
thorough analysis that proceeds from the desired output voltage back. In practice, the 
difference between a reasonable guess and a laborious analysis will be important only 
to a person capable of manufacturing his own transformer. In most instances, the hob¬ 
byist will have to rely upon readily acquired transformers with standard output 
voltages. For this reason, my approach is predicated on the practical aspects of power 
supply design rather than on the minute engineering details that have no real bearing 
on the outcome. 

A 120 VAC RMS (root mean square) sine wave b applied to the primary of the 
transformer. Figure 1.2 illustrates the waveforms anticipated at selected points through 
the filter section. Photo 1.1 shows that 120 VAC is actually MO V peak to peak; care 
should be used in the insulation and mounting of components. 

The secondary output of the transformer will be a similar sine wave, reduced in 
voltage. It b then applied to a full-wave bndge and the waveform will appear as in 
photo 1.2. You'll notice a slight flat spot between "humps." As a result of (baling with 
actual electronic components rather than mathematical models, we should be aware of 
certain peculiarities. Silicon diodes exhibit threshold characteristics and, in fact, have a 
voltage drop of approximately 1 V across each diode. This voltage drop becomes 
significant in full-wave bndge designs and. as figures 1.3a. 1.3b, and photo 1.2 il¬ 
lustrate. can accumulate as diodes are added in series. The 2 V loss in the bndge b an 
Important consideration and should be reflected in the calculations. 

The voltage regulator requires a certain minimum DC level to maintain a constant 
output voltage. Should the applied voltage dip below this point, output stability b 


•) 


W 



Figure 1.3 The direcf.Cn ot me current /few through me W-was* bridge 

a) During me cos-me naff of me AC cycie. current flow is through D, and D, and 0. 
are nor cooducnog V„ * V„ - 2 tons. 

t) During me negar.ve halt o/ the AC cycle, current flow is through D, ana D. D, ana 0, 
are not corx!uct>rg. V„ * V„ - 2 voffs. 
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severely degraded. Thus. a filter capacitor it used to smooth out the "humps" in the 
rectified tine wave. When the diodes are conducting, the capacitor stores enough charge 
to maintain the minimum voltage required until the next charge cycle. (In practice, we 
wouldn't want to cut it that close.) The input to the transformer is 60 Hz. but because 
of the characteristics of full-wave rectification, the charging cycles occur at 120 Hz. 
The capacitor charges up during one 8.3 ms cycle, and, as the regulator draws power 
from it to satisfy the load demands, it must continue to provide at least the highest 
minimum input voltage required by the regulator until the next charge cycle, 8.3 ms 
later. This periodic charge/discharge phenomenon is shown in photo 1.3. The 
magnitude of the voltage fluctuation between the two peaks of the cycle is referred to 
as ripple. The highest magnitude of the waveform including the ripple is designated as 
peak voltage. Both are important to remember and are shown in figure 1.4. 


WU 

/\/\/\/\/\ 

r : 

c 


■nu-Mni-tc 


Flflura 1.4 Owcuf vtWapa as a cemtnavon of a carrain staad» s.'afe nXrape (Vjptos a voffapa 

<V*W 


Given a basic understanding of the individual components at this stage, we can pro* 
ceed to the case at hand: a 5 V. 5 A power supply. For reasons well discus# later, the 
5 V regulator section of this supply will require an absolute minimum of 8.5 V for 
proper operation. This means that whatever the magnitude of V„„ and V.,,,,,. the 
final V c level must not go below 8.5 V. or the regulator will not work. By giving 
ourselves some leeway, say V, - 10 V. we can take a little more poetic license with 
the calculations and still produce a good design. Going much above 10 V, while still 
satisfying the input criteria, would increase power dissipation and possibly destroy the 
regulator. There is an answer to this vicious circle and that’s to bt conttrvativt. Ex¬ 
perience shows that adding a Utile insurance to worthwhile. 

Now that 10 V is the goal, we can appropriately select the other filter components to 
meet It. Figure 1.5 b the filter circuit of our 5 V supply. R. is the resistance of the sec¬ 
ondary winding of the transformer. For a 5 to 8 A transformer. It will average about 
0.1 ohms. The first values to recognize follow: 



V«.. can be any voltage up to the maximum input for which the regulator is rated. 
However, this will increase the circuit power dissipation. The rule of thumb I use when 
designing supplies of this type is that V^, should be approximately 25% higher than 
V c . In this way. the capacitor value will be kept within reasonable limits. The ratio of 
V c to OJnAi - V t ) is referred to as the ripple factor of the filter capacitor. 

~ V^. -V e 12.5-10 

Y,-^- 16 -** 


A ripple factor of 25% at 5 A will fall well within the acceptable capacitor ripple cur¬ 
rent ratings and eliminate the need for the hobbyist to dig into manufacturers' specifi¬ 
cations of capacitors. This ripple factor is arbitrary, but it is best to keep it as low as 
possible. 
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Figure 1.5 The input KW circuit cl tre 5 V power Ufpey 


SIZING THE CAPACITOR 

We now know that the capacitor must sustain 10 V from a peak input of 12.5 V. 


V^.-12.5 V 
Vc - 10 V 
V*,,„ - 2.5 V 


}V- 


V™, - V, 


The next consideration is to choose a capacitor that will accomplish this goal. Another 
rule of thumb calculation that saves considerable labor is 


where 


C - capacitor value in farads - 7 
I - maximum regulator current - 5 A 
dt - charging time of capacitor - 8.3 ms (120 Hz) 
dv - allowable ripple voltage - 2.5 V 


Plugging in the values of our circuit. 


C-M^. 166 X 10- farads 


C - 16.600 microfarads <*F) 

Generally available commercial electrolytic capacitors have a tolerance of +50 and 
-20%. To be on the safe side and to make it easier to find a standard slock compo¬ 
nent, a value of 20,000 i*F Is better. The added 3,400 *F reduces the ripple by another 
0.4 V and gives us a little “insurance." The only other item to consider with the capaci¬ 
tor is operating voltage. Because the design dictates that V^» is 12.5 V. this should 
be a satisfactory rating. However, experience shows that transformers end up running 
at higher output voltages than labeled and that 12 5 V at 115 VAC hits 13.6 V when 
the line voltage goes up to 125 VAC. A capacitor voltage of 15 VDC would appear to 
satisfy the requirement, but I recommend using the next increased standard value of 
20 VDC. 

The capacitor is therefore 20.000 at 20 VDC. The rectifier can be a monolithic 
full-wave bridge, or it can be four discrete diodes. Note that because a bridge is usual¬ 
ly encapsulated, the four terminals are labeled instead of showing the polarity mark¬ 
ings of the individual diodes. The designations foe the four terminals are two AC input 
terminals, and a + and — output terminal. 
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THE RICriFlIR 


There are three considerations when choosing a rectifier: surge current rating, con¬ 
tinuous current, and PIV (peak inverse voltage) rating. These choices are not inconse¬ 
quential and must be considered carefully. 

When a power supply is first turned on. the capacitor is totally discharged. In fact. It 
will instantaneously appear to be a 0 ohm impedance to the voltage source. The only 
aspect of the circuit that limits the initial current flow is the resistance of the secondary 
transformer w i nd ings and the connecting wiring; designers often add a series resistance 
to limit surge current. 

The surge current in this circuit is 



- 125 A 


and the time constant of the capacitor is 

r • R* x C a (0.1X20X10') - 2 ms 

As a rule of thumb, the surge current will cause no damage to the diode if i„ , c , is less 
than the surge current rating of the diode and if 

I 

f < 8.3 ms (which it it) 

We can’t check surge rating until after we choose a diode bridge, but the other two 
parameters can be defined. 

The bridge can be either of the following. 

Motorola MDA 980-2; U., - 12 A. Um* - 300 A, PIV - ICO V 
Motorola MDA 990-2: U-r - 27 A. - 300 A. PIV - 100 V 


Both of the above bridges have a surge current rating of 300 A, so our surge require¬ 
ment b also satisfied. 


PIV 

PIV (peak inverse voltage) b the maximum voltage that may appear across the diode 
before it self-destructs. Diodes, unlike capacitors, are unforgiving; transients will wipe 
them out. It b not unusual to have 400 V transients on the 115 VAC Input line. This 
causes our 12.5 V to shoot up momentarily to 43 Vl The bridge rectifier should there¬ 
fore have a minimum PIV rating of 50 V. For a few pennies more, you can get a bridge 
rated foe 100 PIV. Remember, insurance costs less than computers. 


CONTINUOUS CURRENT 

The last consideration b continuous current rating. Whereas the regulator may be 
designed for a 5 A output, the particular regulator I have chosen will draw 7 A if 
shorted. This 0 not standard operating procedure, but it can happen. The suggested 
standard component would be a 12 A. 50 PIV bndge. A preferred component would be 
one rated for 12 A at 100 PIV or, for an additional 15% cost premium, a 27 A at 100 
PIV. Thb last design choice b strictly brute force, but it saves the diode bridge should 
the capacitor ever short-out accidentally. A 6 A transformer might put out more than 
12 A in a short-circuit mode, but it s unlikely that it would be capable of 27 A. Either 
choice will satisfy the design, but only one saves the design from the builder. 


THE TRANSFORMER 

Now let's consider the transformer. We have determined the voltage drops across the 
various components. The values are used to calculate the required RMS (root mean 


0 FOlViR SLFTtY 
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Voltage drop across each diode— 
(approximately 1 V per diode) 


square) secondary voltage in the following way: 

Vc + V™ + v„c 

Vxrci.Mii -'- V m T - 

10 + 2.5 + 2.0 
1.414 

“ 10.25 V 

In practice, a 10 V, 6 A standard value transformer will be close enough. 

The components of the + and —12 V supplies are chosen in a similar manner, with 
the exception that required current is only 1 A. and a 200 PIV bridge is recommended 
because of the particular rectifier configuration. The finished schematic of the trans¬ 
former and filter section of our computer is illustrated in figure 1.6. 


W*tHt 



Figure 1.6 A schematic digram ol a Oars former ar« input u*r sector 

VOLTAGE REGULATORS 

The voltage regulator section of our power supply is the next consideration. All 
voltage regulators perform the same task: they convert a given DC input voltage into a 
specific, stable DC output voltage and maintain this setpoint over wide variation* of 
input voltage and Output load. The typical voltage regulator, as shown in figure 1.7, 
consists of the following: 

• a reference clement that provides a known s^ble reference voltage 

• a voltage translation element that samples the output voltage level 

• a comparator clement that compares the reference and output level to produce an 
error signal 

• a control element that can utilize this error signal to provide translation of the input 
voltage to produce the desired output 

The control element depends on the design of the regulator and varies widely. The 
control determines the classification of the voltage regulator: series, shunt, or switch- 
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ing. For the serin regulator, the control clement regulates the output voltage by 
modulating the senes e l ement, u sua ll y a transistor, and causes it to act as a variable 
resistor (figure 1.8). As the input voltage increases, the series resistance Rj also in¬ 
creases. causing a larger voltage drop across it. In this way. the output voltage ( Vour ) b 
maintained at a constant level. 
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Figure 1.7 A block oagrem ota fiscal regulator 
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Figure 1A A term covio i element m the voltage regulator. 

a) Tbe senes control element acts as a variable resistance. «, 
W s*r*s e#man/ a most often a transistor. 


To accomplish this closed -loop control, a reference comparison and feedback system 
b incorporated into the hardware. A fixed and stabilized reference voltage b easily pro¬ 
duced by a zencr diode. The current produced b low, however; the device could not 
serve as a power regulator by itself. 

The voltage translator connected to the output of the series control element produces 
a feedback signal that b proportional to the output voltage. In its simplest form, the 
voltage translator is a resistor-divider network. The two signals, reference and feed¬ 
back, provide the necessary information to the voltage comparator for closed loop 
feedback to occur (figure 1.9). The output of the comparator effectively drives the base 
of the series pass transistor so that the voltage drop across the transbtor will be main¬ 
tained at a stabilized preset value when subtracted from the input voltage. 

Modem power supply designers can still use individual components to construct the 
modular elements of a series voltage regulator, but most reserve this laborious 
endeavor for specialized applications. The ZAP computer system outlined here re¬ 
quires +5 V. +12 V. and —12 V. The combined temperature, stability, and drift 
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tolerances cannot exceeu ±5% on any of the three set points. The easiest way to 
minimize risk is to reduce the number of circuit components to the bare minimum. 
Other designers had the same idea and thus the three-terminal regulator was invented. 
Figure 1.10 is the block diagram of such a device. 
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Figure 1.9 A senemarto dug/am ot a senes murage regulator. 



Figure 1.10 A Otoe* diagram ot a throe terminal *cSage regulator. 

Basically, a three-terminal regulator incorporates all the individual transistors, 
resistors, and diodes into a single integrated circuit. Whir simple to use. these devices 
have a far more complicated internal structure than the series regulator of figure 1.9. 
Only three terminals are necessary In applications where the fixed output is a standard 
value such as: ±5 V. ±6 V, ±8 V, ±12 V. ±15 V or ±24 V. The three connections 
arc unregulated DC from our input filter, a ground reference, and finally, regulated DC 
output. 
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In a three-terminal regulator, the voltage reference is the most important part 
because any abnormality or perturbation will be reflected in the output. Therefore, the 
reference must be stable and free from noise or drift. More advanced designs use band- 
gap reference circuits rather than rener diodes. Because of its complexity, such an ap¬ 
proach is practical only in the integrated circuit (1C) environment. Essentially, a band- 
gap reference voltage is derived from the predictable temperature, current, and voltage 
relationships of a transistor base-emitter junction. 

Another advantage of the three-terminal regulator is that in monolithic circuits, 
stable current sources can easily be realized by taking advantage of the good matching 
and tracking capability of monolithic components. Abo. as in the previous case, the 
designer can add as many active devices as necessary without significantly increasing 
the 1C circuit area. Operation of the reference circuit at a constant current level reduces 
fluctuations due to line-voltage variation. Thus, the output has increased stability. The 
error amplifier b also operated at a constant current to reduce line-voltage influence. 

The most important consideration for the hobbyist is that these chips incorporate 
protective circuitry, guarding the regulator from certain types of overloads. They pro¬ 
tect the regulator against short-circuit conditions (current limit); excessive input/out¬ 
put differential condition (safe operating area); and excessive junction temperatures 
(thermal limit). Of course, all thb circuitry is designed to protect the regulator, not the 


CHOOSING A REGULATOR 

The 5 A *A78H0S hybrid voltage regulator has all the inherent characteristics of the 
monolithic three-terminal regulator (ie: full protective circuitry). Each hermetically- 
sealed TO-3 package contains a *A7*M05 monolithic regulator chip driving a discrete 
series-pass transistor Ql and two short-circuit-detect Ion transistors Q2 and Q3 (see 
figure 1.11). The pass transistor b mounted on the same beryllium oxide substrate as 
the regulator chip, thus insuring nearly ideal thermal transfer between Ql and the tem¬ 
perature-sensing circuit of the 78M05. 
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Figure 1.12 £tecfr«4/ cnvaciem&cs of me *A78H05 w>7 age re^ior 


The output circuit is designed so that the worst-case current requirement of the Ql 
base, added to the current through R2. always remains below the current-limit thresh¬ 
old ol the 78M05. Resistor Rl. in coniunclion with Q2 and Q3. makes up a current 
sense and limit circuit to protect the series-pass device Irom excessive current dram. 

Sale area protection is achieved by brute force and is designed with the hobbyist in 
mind. The series-pass transistor is capable of handling the short-circuit current at the 
maximum input voltage rating ol the 78HQS. (See figure 1.12 lor the electrical charac¬ 
teristics ol the 78H05.) 

The output ol the device » nominally 5.0 V but can vary between 4.8 and 5 2 V. Even 
though this falls within the 5.0 V ± 15% tolerance necessary to run the computer, there 
might be a problem with the voltage drop in the cabling between the power supply and 
the computer. Up to 0.5 V could be lost in the wiring and connectors. Remember that 
at 5 A. a resistance ol only 0.1 ohms can cause a 0.5 V drop. Unfortunately, the 78HQ5 
Is a fixed-output device when referenced to ground. If 4 8 V happens to come out. 
‘that's all you gets' (ski. But. In a classic case of engineering rarrle darrle. we can fool 
the regulator by making the ground reference adjustable. Figure 1.13 shows the circuit 
that makes this possible. A potentiometer sourced from the -12 V supply orates a 
relative-ground reference for the 78H05. If the particular device in question had an out¬ 
put of 4.95 V. and we adjusted Rl for a potential of 0.20 V on the common regulator 
pin. the output referenced to ground would change to 4.95 ♦ 0.20. or 5.15 V. For the 
fanatics in the crowd, this particular circuit also allows a high-output device to be 
reduced to 5.00 V by selecting an appropriate negative voltage ground reference pin. 
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Figure 1.13 Addmg "(rim adjust" fo the 78*05 trree-reinmai regulsror. 
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With the 5 V supply co mp le te , our next concern is the +12 V and -12 V supplies. 
Other devices within the 7800 family of regulators will satisfy the requirements. The 
7812 and a 7912 are 1 A positive and negative regulators respectively; they exhibit the 
same protection characteristics as the 78H05. Figures 1.14 and 1.15 outline the exact 
specifications. Because we are dealing with much lower currents than the +5 V supply, 
there is considerably less concern over voltage losses through connecting cables, and it 
is unnecessary to add trim adiustment circuitry. Figure 1.16 is the finished schematic of 
the ZAP power supply. Additional regulator circuit diagrams (figures 1.17a, b, c and 
d) are included to demonstrate how the 7800 series of regulators can be used in our ap¬ 
plication. Are we finished yet7 Of course not. Close examination of figure 1.16 shows 
two items not discussed previously: heat sinks and overvoltage protection. These two 
subjects and a short discussion of the importance of correct layout complete the 
chapter. 
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Figure 1.17 Additional voltage rwgubtoe circuit 
diagrams to demonstrate flow die 7800 senes ot 
regala tors can be used. 

aj A htghcurrent voltage regulator us¬ 
ing a 500 mA 787*0 5 thre+termral 
regulator. 

b) A hlghcu'wnt short-circuit pro¬ 
tected voltage regulator, an en¬ 
hanced version of figure 1.I7a. 

CI using a 7805 *5V voltage reg¬ 
ulator to produce a higher output 
voltage. 

d) A dual ± 12 V tracking voltage reg¬ 
ulator. 
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LAYOUT IS IMPORTANT 

Integrated circuit regulators employ wide-band transistors in their construction to 
optimize response. As a result, they must be properly compensated to ensure stable 
closed-loop operation. Their c om pensation can be upset by stray capacitance and line 
inductance of an improper layout. Circuit lead lengths should be held to a minimum, 
and external bypass capacitors in particular should be located as close as possible to the 
regulator control circuit. 

Figure 1.18a illustrates a typical layout of the components of our supply, and figure 
1.18b details the areas that can cause problems. Improper placement of the input ca¬ 
pacitor can induce unwanted ripple on the output voltage. This occurs when the current 
flowing in the input circuit influences the common ground line of the regulator. The 
voltage drop produced across R2 will cause the output of the regulator to fluctuate in 
the same manner as the voltage trim circuit we discussed previously. The peak currents 
in the input circuit (which consists of the rectifier and filter capacitor) can be tens of 
amperes during charge cycles. These high-current spikes can cause substantial voltage 
drops on long-lead lengths or thin-wirv connections. They can also degrade perfor¬ 
mance to the point that proper input voltage to the regulator cannot be maintained ex¬ 
cept during low-current operation. 

The output current loop is also susceptible to circuit layout. In a three-terminal 
regulator, the fixed-output voltage V OT t>uc> is referenced between "out" and "com¬ 
mon" of the chip. Became the load current flows through R2\ R3\ and R4'. as well as 
the load itself, these combined voltage losses may reduce Vovt to an intolerable level. 
Notice that the ground for this circuit b at point C while the present R load is between 
points A and B. If another load, more memory for example, is connected to this supply 
between points A and C. it would have a different Voer- Adjusting the trim Kiting of 
such a seesaw supply can be dangerous; It's possible to have one load completely 
within tolerance and another over or under voltage. One last point to consider is that 
R4' serves to negate the purpose of the regulator because it continually reduces V ol ^ as 
the load current increases. 
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Figure 1.18 4 ryocat Uyour of me x**' svppty compooenfs am associated proOtems 
a) A fyxxcaf layout 

0) Errors ccrttxjted Oy me layout « figure t. ’8a 
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Figure 1.19 is the block diagram of a proper layout. All high-current paths should 
use heavy wire to minimize resistance and resultant voltage drops. You'll notice now 
that the input and output circuit current paths are separated effectively. Note that the 
wires from the rectifier go directly to the capacitor arsd that two wires from the capaci¬ 
tor send power to the rest of the circuit. If you follow this convention and use two 
separate pairs of leads, you can eliminate input-circuit induced error s . 

Finally, we need to discuss the concept of the single-point ground. One point in the 
power supply must be designated as ground; the grounds of all other supplies and loads 
are connected to It. In practical terms, the best way to implement this ground connec¬ 
tion is to use a metal strip or several lengths of heavy wire soldered together. The strip 
is a ground bus with such a low resistance that a voltage measured between point A 
and any place along the bus will be virtually undetectable. Another +5 V bus should 
be connected to the output of the supply so that voltage distribution throughout the 
circuit is consistent. Use thick wire in power supplies. Even if zero-resistance wire isn't 
easily obtainable, always remember—there is no such thing as wire that is too thick! 
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Figure 1.19 A Woe* cafl'am o/ a proper tayovt for in© poaer sucoY components 


THERMAL CONSIDERATIONS 

You’ve |ust built the power supply I've outlined. Hipped on the power, and every¬ 
thing works. After a few minutes, something happens and the computer suddenly stops 
running. Naturally, you start looking around and touching things. Eventually, your 
fingers will end up on the regulator chip. Immediately you scream. Jump back, and in 
the process knock over the computer and your celebration martini. U you are lucky, 
your fingers will be the only thing burned! 

When not properly cooled, the regulators will protect themselves from destruction 
by reducing their output or completely shutting off. In this case, the system could cease 
to function. A more catastrophic problem arises from ICs that use all three voltages lor 
normal operation. Loss of one or more of these voltages could permanently damage the 
device. This will never happen if power dissipation a limited and the proper cooling 
methods are employed. 

The first step is to check the power dissipation of our design with the ratings of the 
particular devices. In practical terms, power, expressed in watts, is volts times 
amperes: 


P.-EXI 

In our 5 V regulator we have V c = 10 V and V«^ = 12.5 V at 5 A. 
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(Vc - V« T ) X s a 
(10 - 5) X 5 
25 W 

(V«*« - V„ 7 ) X 5 A 
(125-5) X 5 
37.5 W 

31.25 W 

This means that under full load conditions, about 30 W of heat will be produced by the 
78H05. The device is fortunately rated for 50 W at 25‘C and is still capable of handling 
30 W up to 75*C. 

Although the internal power dissipation is limited, the junction temperature must be 
kept below the maximum specified temperature (125*0 in order for the device to func¬ 
tion at all. To calculate the heat sink required, there are specific equations to solve. 

The required thermal data and calculations follow. 



Typical 9« - 2.0 
Typical 9„ - 32 

„ T/imah ~ T. 

“ -TTTeZ- 


Maximum 9 K - 2.5 
Maximum 6,. - 33 

for 6c. - 9c, + 9 U 


Solving for T t . 

Ti ■ Ta + P*l9jr + 9c) 


or without a heat sink. 

r— - T “1J T ‘ 


T/ - Ta ♦ 


where T, - 
Ta - 
P. - 
- 
9 U - 
9c - 
9 a - 
9ia - 


junction temperature 
ambient temperature 
power dissipation 
junction to case thermal resistance 
junction to ambient thermal resistance 
case to ambient thermal resistance 
case to heat sink thermal resistance 
heat sink to ambient thermal resistance 



125*C - 25*C 
~ 31.25~W " 


- 3.2*C/W 


Because 9„ as calculated is less than 9,. from the specification sheet, a heat sink is 
definitely required, and a TO-3 type heat sink of 3.2*C/W is the minimum desired. 

Before you sire a heat sink for the 78H05. realize that there are two more regulators 
and two bridge rectifiers that will need heat sinking. Each 12 V regulator will average 
about 5 W dissipation. The diode bridge associated with the +5 V supply (remember 
the 2 V drop) dissipates about 10 W while the other is good for 2 W. Therefore, any 
heat sinks in the power supply must handle more than 50 VV. 


WHAT IS THE PRACTICAL METHOD FOR CHOOSING HEAT SINKS? 

Choosing a heat sink can be easy or hard depending upon your outlook on rule of 
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thumb measures. We already know that we need a SO VV heat sink. It's easy to assume 
that buying one "rated for 50 W" from a local electronics supply will solve the prob¬ 
lem. What this rating usually means, however, n that if 50 W is applied through a tran¬ 
sistor to this sink, and the ambient temperature is 25 C. the surface temperature of the 
sink will climb to 100°C. Fried eggs anyone? 

We must not forget that manufacturers' specs always refer to limiting maximum 
junction temperature, not to keeping the case cool enough to touch. Personally. 1 hate 
red-hot power supplies. To get a heat sink that would take our 50 W and stay about 
60-70’C would probably mean getting one rated for 200-3CO Wl Remember that heat 
sinks arc expensive—and big. 

The simplest solution is best. I prefer forced air cooling. Put the 50 W on an 
economical heat sink of. say. a 100 W rating and put your money into a good fan. You 
can still run through all the calculations and determine how many square inches you 
need, but the effect of blowing a little air ov*r a heat sink multiplies its capabilities 
enormously. 


OVERVOLTAGE PROTECTION 

The linal area to be addressed in the power supply is overvoltage protection. As 
designed by manufacturers, regulators protect themselves by reducing output voltage 
or complete shutoff. The chances of computer component damage from low voltage is 
miniscule by comparison to overvoltage. It is unlikely to happen, but if the 75H05 were 
to accidentally short out, as much as 12.5 V would be applied to the +5 V bus. You 
could then kiss the computer good-bye! 

^ yoV i liV iM7« 

SCR, 50V 25A 2NeM SCR. 50VIA 2N**«1 

Fuse 6 amp fasi«ow Fuw lSamp Ul-Now 


The leoiKonducto* components of this 
12 volt OVT art reversed m polarity 
for the -U voh OVP. 
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Figure 1.20 A simete overveprotector* circuit 


The circuit of figure 1.20 is a simple OVP (over-voltage protector). It can be used as 
shown on the 5 V and 12 V supplies. The appropriate components are listed in the 
tables of figure 1.20. You'll notice that the fuses are rated higher than the output we've 
previously discussed. The fuse is for the OVP and not to protect the regulators. Unfor¬ 
tunately. the nature of fast-blow fuses is not to pass 5 A. if it is a 5 A fuse, but to open 
at 5 A. The fuse must have a higher rating in order to allow circuit operation at 5 A. 
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What does an OVP (often called an "overvoltage crowbar") do? It monitors a par¬ 
ticular bus voltage and shuts it down if it gees above a predetermined level. OVP cir¬ 
cuits can be designed to trigger 1 mV above our tolerance band. Such circuits are 
not only complicated, but they may also create additional problems through accidental 
triggerings. The failure modes that are most likely to occur concern a regulator short or 
accidentally tying two buses together, for example the +5 V and +12 V. In either 
case, the result b a rapid voltage rise on the output lines. As voltage rises above the 
xener value, current flows into the SCR gate At a certain point, usually below where 
any components would have been damaged, the SCR fires and shorts the output line to 
ground. The excessive current blows the fuse, eliminating the problem regulator or 
regulators (both fuses would blow if the +5 V and +12 V were connected). All thb 
occurs very fast. The test circuit of figure 1.23 demonstrates what happens when the 
+5 V OVP suddenly has +12 V applied. Test circuits are the only way you ever want 
to see the action of an OVP. If your power supply functions properly, it should never 
trigger. The SCR never allows the line to go to 12 V before clamping it to ground. Re¬ 
placing the fuse with a 220 ohm resistor allows multiple applications of the push button 
without replacing fuses. 
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Figure 1.23 A ic.l circuit to demonsPaw f*» icW> o> If* <wvWH go proWCttr. 
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CHAPTER 2 
CENTRAL PROCESSOR 
BASICS 


There are many different microprocessor* on the market and while instruction 
nomenclature is somewhat different for each one. the bask logical computing processes 
are similar in all devices. The rule to remember the not time a discussion turns to the 
capabilities of two computers is that "a computer is a computer." I don’t wish to imply 
that they are all the same, but similarities abound and I would not like to spend a life¬ 
time analyzing instruction sets and interfacing details before choosing one. 

I once had lunch with the designer of one of the largest idling personal computer sys¬ 
tems on the market. Thousands of computers had been sold, generating immense prof¬ 
its for the manufacturer. Our conversation eventually centered on the cost-effective¬ 
ness of his design. I had fanciful thoughts of a des^n team spending months reducing 
component count and analyzing instruction sets to determine minimum memory re¬ 
quirements. In actuality, my designer friend was given two months to come up with a 
manufacturable design. The investors' only question was the price and availability of 
the particular components he had choien. Being an avid personal computer enthusiast, 
he simply built a computer around the microprocessor he already owned. The eventual 
advertising for his system touted the advanced architecture embodied in the central 
processor, but no machine-language programming facility was available to the user. It 
had only a high-level language BASIC interpreter and was. from an engineering point 
of view, simply a black-box computer. He could have used any microprocessor. So 
much for texlbook engineering design. 

Unfortunately, the hobbyist who is building a microcomputer from scratch, and 
who won’t be making a black box, has to try to pick a device that is somewhere in the 
middle of the performance and capability spectrum. The general rule that all computers 
perform similar functions is true, but a printed-circuit board is a luxury. The hobbyist 
who has to do all the wiring by hand will surely be interested in efficient design. It's a 
fact that some of the more esoteric microprocessors require very expensive peripheral 
circuitry. Even devices that seem quite straightforward, with limited instruction sets, 
can require SO or more ICs as interface elements. The ultimate configuration should be 
a trade-off between circuit complexity, ease of testing, and component price. 

MICROPROCESSOR ARCHITECTURE 

The internal architecture of the mi cro pr o ce ss or determines the support devices re¬ 
quired to make a microcomputer system. Perhaps the best place to start is to briefly 
discuss the major architectural differences. 

Definition: A microcomputer is a logical machine that manipulates binary numbers 
(data) and processes this information by following an organized sequence of program 
steps referred to as instructions. 

All microcomputers, like all computers, have the following features: 

1. Input — Facilities must exist to allow the entrance of data or instructions. 

2. Memory — The program sequence must be stored before and after execution, and 
resources must be available to store the result of any computations. 

3. Arithmetic logic unit — Performs arithmetic operations on input or stored data. 



4. Control section — Makes decisions regarding program flow and process control 
based on internal states of the results of arithmetic computations. 

5. Output — The results are delivered to the user or stored in an appropriate 
medium. 


The microprocessor b the single integrated circuit around which a microcomputer b 
constructed. The microprocessor is a device: the microcomputer is a system. In their 
least complex form, microprocessors include only the functions of items three and four 
and must rely on external devices attached to buses to perform the other tasks. Figure 
2.1 is the basic block diagram of an 8-bit microcomputer and shows the interconnec¬ 
tion of these buses and support elements. The computer in figure 2.1 uses six separate 
buses: memory address, memory data in and out. I/O address, and data input and out¬ 
put. The microprocessor contains a central processor that consuls of the circuitry re¬ 
quired to access the appropriate memory and I/O locations and interpret the resulting 
instructions that are also executed in this unit. The central processor also contains the 
ALU (Arithmetic and Logic Unit), which is a combination network that performs arith¬ 
metic and logical operations on the data. Additionally, the central processor includes a 
control section that governs the operations of the computer, and the various data 
registers used for manipulation and storage of data and instructions. 



Figure 2.1 A PesK D*x* fiegrem of a me/ocomputer muttrsmg the twa Pusmg concept Humpers 
M pareotneses ere tre usual regu-red guenwy o t physical mres to perform Pus functions tor an 8Pit 
mcrocfocessor. 


Actually few microprocessors support six separate buses. The number of pins that 
would be required on the 1C is out of the question. Instead, to reduce pinouts, compo¬ 
nent manufacturers often combine the data input and output buses and make them ‘bi¬ 
directional. - During an output instruction, data flows from the microprocessor to the 
output device and vice versa during an input instruction. To further cut the number of 
pins required on the central processor, the memory address bus can also serve as the 
address bus for input and output devices. During input /output instructions, the ad¬ 
dress present on the address lines r e f e r ences a particular input/output device(s). The 
resulting reduced configuration b shown in figure 2.2. 

The concept of two buses b easy to understand and, from a hardware point of view, 
easy to utilise. The buses are time and function multiplexed. That is, during memory 
operations, the bits on the address bus refer to a memory location, and data on the data 
bus represent the content of memory. The direction of the data flow (to or from the 
central processor) b controlled within the microprocessor. Activities with input/out¬ 
put devices are performed in a similar fashion. During those instructions, input or out¬ 
put data and device addresses occupy* the buses. 
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Flflur* 2.2 A Dtoch diagram of a microcomputer uW'Hoq mudipextd b &rectm*ibusing techmoues 
fo reduce pinout. 


The number of bus wires can be further reduced by combining both data and address 
on the same lines and time multiplexing the data transfer along them. Figure 2.3 il¬ 
lustrates this final configuration. This method requires additional circuit elements to 
demultiplex and store pertinent data. The additional external components necessary to 
use this architectural feature defeat its purpose and male its use inadvisable for the 
hobbyist. There are other microprocessors that are simpler to use. 



Figure 2.3 A Clock diagram of a mtcrocompufcr uitorng a ample moffgAmd Ud*ect>onat bus toe 
boin memory and mcuVoutou! ftmcf.cns 


When building rather than buying a personal computer, the following criteria must 
be carefully considered: 

1. Circuit complexity — Keep components to a reasonable minimum. The more com¬ 
ponents in a design, the more likelihood of wiring errors and faulty devices. 

2. Cost — While cost is important, it should not be the primary consideration. Any 
microprocessor function could be simulated by using saiad scale integrated logic: 
however, indirect costs resulting from using 200 chips to replace 3 or 4 LSI (laige 
scale integration! devices would negate the \-alue of using cheaper parts initially. 
On the other hand, in the semiconductor industry, density means dollars. The 
more functions a device can provide, and the fewer components necessary to ac- 
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complah these task*. the higher the price. The level of integration incorporated In 
a homebrew computer should fit somewhere in the middle. The ZAP computer 
outlined in this book a a prime example of this philosophy. It uses a combination 
of cost-effective LSI (large scale integration) and inexpensive SSI (small scale in¬ 
tegration) to produce a computer that the hobbyist can truly build, test, and use. 
3. Software compatibility and availability — Building the hardware of a microcom¬ 
puter is only half the iob. It must be programmed to perform useful work. Initially, 
the builder will by necessity hand code and assemble his own programs. Eventual¬ 
ly, however, the need may arise for the computer to do a task requiring a very 
Urge program which cannot be easily hand assembled. The user must rely upon an 
assembler program in a larger machine. The assembler program would, of course, 
have to be compatible with the instruction set of the microcomputer. 

A further consideration is that personal computer enthusiasts are forever ex¬ 
changing software. It is possible to convert programs to run on any central pro¬ 
cessor, but the effort would be the same as writing the entire program from 
scratch. This defeats the purpose of exchanging software. The personal computer 
owner should choose a microprocessor that is somewhat compatible with the com¬ 
puters already on the market. My statement that all computers are alike is theoreti¬ 
cally true, but a book on how to build an esoteric one-of-a-kind computer is of lit¬ 
tle practical value. 

Each criterion could be analyzed and answered individually, but we must give some 
credit to the manufacturers of personal computers for doing some of the thinking for us 
already. The fact that so many personal computers are in use has established de /ado 
standardization of central processor choice. To be compatible with existing software 
and to have sufficient documentation available, the builder should consider choosing 
among those central processors in commercial use. The four most used microproces¬ 
sors are 

1. Intel 8060A 

2. Motorola 6800 

3. MOS Technology 0302 

4. Zilog Z80 

At a result of each devices wide following, documentation and software are readily 
available. The availability of 8060A compatible software Is highest; cost is low, but its 
circuit complexity is also the greatest of the a bore. The 8080A. while described as a 
"single-chip computer." relies on various external drivers and support devices. Its 
minimum functional configuration consists of three chips as shown in figure 2.4. Its 
central processor bus structure to similar to figure 2.3, but when combined with the 
8224 and 8228 support chips, it emulates the more desirable bus architecture outlined in 
figure 2.2. 
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The best of both worlds is incorporated within the Z80. Not only does it execute the 
complete instruction set of the 8080A. but it also has additional instructions that serve 
to make it a very powerful processor. The Z£0 bus structure is illustrated in figure 2.5. 
The Z80 is slightly more expensive than the other processors listed. However, its re¬ 
duced external circuitry results in an effective cost comparison. Further, the case of in¬ 
terfacing the Z80 nukes it the natural choice when budding a microcomputer from 
scratch. 



Figure 2.5 A block diagram ot ir * Z *eg ZdO bus vnxlurt 






CHAPTER 3 
THE Z80 

MICROPROCESSOR 


Many books have been written on the software and hardware attributes of the ZOO. 
Although I am not attempting to duplicate the efforts of other authors, any book 
dedicated to the construction of a microcomputer would be incomplete without a sec¬ 
tion describing the processor in some detail. By completely understanding the internal 
logic and external control functions of the central processor, you will be able to under¬ 
stand better the way I’ve designed the rest of the system hardware. You have many op¬ 
tions when constructing a computer from scratch. The deeper your degree of under¬ 
standing. the greater your confidence in the outcome, and it tt more likely that you will 
add enhancements to your own design. 

The ZAP computer allows considerable latitude in the selection of peripheral inter¬ 
facing. The choice depends pnmanly upon the design philosophy of the system, which 
starts with the central processor. 


CENTRAL PROCESSOR ARCHITECTURE 
The ZBO is a register-oriented microprocessor. Eighteen B-bit and four 16-bit register* 
within the central processor are accessible to the programmer and function as static 
programmable memory. These registers are divided into two sets, main and alternate, 
each ol which contains six general purpose 8-bit registers that may be used either in¬ 
dividually. or as three pain of 16-bit registers. Also included are two lets of ac¬ 
cumulators and flag registers. Figure 3.1 Illustrate* the internal architecture of the Z80 
central processor. Figure 3.2 shows that within the ZOO there are accumulators and flag 
registers, along with general and special purpose registers. 



Fifluro 3.1 A Wcc* tfagraci ol me intern* VCftfeCture otaeZSO c entrai ptesssor. 








Figure 3.2 Z90 central processor 'og.s*er co't'ipv'afoa 


The following is a 
of the central processor 


of the function and structure of the major components 


Registers 

A. Accumulators and Flag Registers 

The central processor contains two independent accumulator and flag- 
register pairs, one in the main register set and the other In the alternate 
register set. The accumulator receives the results of ail 8-bit arithmetic 
and logical operations, whereas the flag register indicates the occur¬ 
rence of specific logical or arithmetic conditions In the processor such 
as parity, rero, sign, carry, and overflow. A single exchange instruc¬ 
tion allows the programmer to select either accumulator or flag-regis¬ 
ter pair. 

B. General Purpose Registers 

There are two similar sets of general purpose registers. The main regis¬ 
ter set contains six 8-bit registers called B, C. D, E. H. and L; the al¬ 
ternate register set alto contains six 6-blt registers referred to as B', 

C. O'. E". H'. and f. For 16-bit operations, these registers can be 
In 16-bit pairs (BC. DE. HL or BC. DE', HI/). A single ex- 
instruction allows the programmer to alternately choose be¬ 
tween the register-pair sets. 

C. Special Purpose Registers 

1. PC (program counter) 

The program counter contains a 16-bit address in memory 
from which the current instruction will be fetched. Follow¬ 
ing execution of the instruction. the PC counter Is either in¬ 
cremented. if the program is to proceed to the next byte in 
memory, or the present PC contents are replaced with a 
new value, if a jump or call instruction is to be executed. 

2. SP (stack pointer) 

The Z80 allows several levels of subroutine nesting 
through use of a 'stack* and a 'stack pointer": when cer¬ 
tain instructions are executed, or when calls to subroutines 
are made, the PC counter and other pertinent data can be 
temporarily stored on a stack. A stack is a reserved area of 
several memory locations, the top of which is indicated by 
the contents of the stack pointer. That is to say. the stack 
pointer shows the address of the most recently made entry, 
because the memory locations are organized as a last-in, 
first-out file. By looking at particular entries in the stack. 
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the central processor returns to a main program regardless 
of the depth of nested subroutines. Theoretically, the stack 
could be 64 K bytes long; however, program space must 
not be overwritten by an expanding stack. 

D. DC and IY Index Registers 

These registers facilitate table data manipulation. They are two in¬ 
dependent 16-bit registers that hold the base addresses used in indexed 
addressing modes, and point to locations in memory where pertinent 
data is to be stored or retrieved. Incorporated within the indexed in¬ 
structions is a two's complement signed integer that specifies displace¬ 
ment from this base address. 

E. Interrupt Page Address Register 0) 

This is an 8-bit register that can be loaded with a page address of an in¬ 
terrupt service routine. During a mode 2 interrupt program, control 
will vector to this page address. 

F. Memory Refresh Register (R) 

To enable dynamic memories for the Z80. a 7-bit memory refresh 
register is automatically incremented after each instruction fetch. 

II. Arithmetic and Logic Unit 

Arithmetic manipulations and logical operations are handled eight bits at a time 
In the Z50 ALU (arithmetic and logic unit). The ALU communicates internally 
to the central processor registers and is not directly accessible by the program¬ 
mer. The ALU performs the following operations: 

LEFT or RIGHT SHIFT 
INCREMENT 
DECREMENT 
ADD 

SUBTRACT 

AND 

OR 

EXCLUSIVE OR 
COMPARE 
SET BrT 
RESET BIT 
TEST BIT 

III. Instruction Register and Central Processor Control 

The instruction register holds the contents of the memory location addressed by 
the PC (program counter) and is loaded during the fetch cycle of each instruc¬ 
tion. The central processor control unit executes the functions defined by the in¬ 
struction in the instruction register and generates all control signals necessary to 
transmit the results to the proper registers. 

IV. Central Processor Hardware 

A. Figure 3.3 details the pinout of the ZSO It comes in an industry stan¬ 
dard 40 pin dual in-line package. The following b a listing and ex¬ 
planation of the pin functions: 

A.-A,, Three-state output, active high. A,-A.| constitute a 
(Address 16-bit address bus. These signals provide the address for 
memory data exchanges (up to 64 K bytes) and for I/O 
device data exchanges. I/O addressing uses the eight 
lower address bits to allow the user to directly select up 
to 256 input or 256 output ports. A, is the least signifi¬ 
cant address bit. During refresh time, the lower seven 
bits contain a valid refresh address. 

Three-state input/output, active high. D,-D, consti¬ 
tute an 8-bit bi-directional data bus which b used for 
data exchanges with memory and I/O devices. 

Output, active low. Ml indicates that the current ma¬ 
chine cycle is the operation-code fetch cyde of an in- 


Bus) 


D,-D, 

(Data Bus) 
MT 

(Machine 



Cycle One) stiuciion execu tion. Note that during execution of 
2 -byte opcodes. Ml is generated as each opcode byte 
is fetched. These 2-byte opco des a lways begin with 
CBH. DDH. EDH. or FDH. Ml also occurs with 
lORQ to indicate an interrupt acknowledge cycle. 


MREQ 

(Memory 

Request) 

TGIXJ 

(Input/ 

Output 

Request) 


W 

(Memory 

Read) 


m 

(Memory 

Write) 

■RTCIT 

(Refresh) 


TWIT 

(Malt 

Sute) 


WATT 

(Wait) 


KT 

(Interrupt) 


Three-jUte output, active low. The memory request 
signal indicates that the address bus holds a valid ad¬ 
dress for a memory-read or memory-write operation. 

Three-state output, active low. The IOKO signal indi¬ 
cates that the lower half of the address bus holds a valid 
I/O address for an I/O read or wri te op eration. An 
TOftQ signal is also generated with an Ml signal when 
an interrupt is being acknowledged to indicate that an 
intemipt response vector can be placed on the daU bus. 
Inter rupt acknowledge operations may occur during 
Ml time while I/O operations are prohibited. 


Three-sute output, active low.TOT indicates that the 
central processor wants to read from memory or an I /O 
device. The addressed I/O device or memory should use 
this signal to gate data onto the central processor data 
bus. 


Three-state output, active low. WK indicates that the 
central processor data bus holds valid data to be stored 
in the addressed memory or I/O device. 


Output, active low. RF5H indicates that the lower 
seven bits of the address bus contain a refresh address 
for dynamic memories and the current S1RPQ signal 
should be used to do a refresh read to all dynamic 
memories. 

Output, active low. HALT indicates that the central 
processor has executed a HALT Instruction and is 
awaiting either a nonmaskable or a maskable interrupt 
(with the mask enabled) before operation can resume. 
While halted, the central processor executes NOPs (no 
operation) to maintain memory refresh activity. 

Input, active low. WAIT indicates to the Z80 central 
processor that the addressed memory or I/O devices are 
not ready for a data transfer. The cent ral proce ssor con¬ 
tinues to enter wait states as long as WAIT is active; 
this signal allows memor y of I/O devices to be syn¬ 
chronized to the central processor. 

Input, active low. The Intemipt request signal is gener¬ 
ated by I/O devices. A request will be honored at the 
end of the current instruction if the internal software 
controlle d interrupt enable R.p-flop » enabled and if the 
BLSRQ signal is not active. When the central pro¬ 
cessor accepts the interrupt, an acknowledge signal 
(lORQ during W time) n sent out at the beginning of 
the next instruction cycle. The central processor can re¬ 
spond to an interrupt in the three different modes. 


Input, negative rdge triggered. The nonmas kable inter¬ 
rupt request line has a higher priority than INT and is 
always recognized at the end of the current instruction. 
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Interrupt) regar dless of the status of the interrupt-enable flip-flop. 

NMI forces the Z8 0 central processor to restart to loca¬ 
tion 0066,,. The program counter is automatically saved 
in the external stack so that the user can return to the 
program that was interrupted. Note that continuous 
WAIT cycles can prevent th e current instruc tion from 
ending, and that a BL'SKQ will override an NMI. 





Figure 3.3 Pm conttyjtu** tor me ZBO microprocessor. 


The actual timing of these signals will be discussed in the hardware sections. 

V. Z80 Instruction Types 

The Z80 can execute 158 separate Instructions including all 78 of the 8060A. 
They can be grouped as follows: 

A. LOAD AND EXCHANGE 

Load instructions move data between registers or between registers 
and memory. The source and destination of this data is specified 
within the instruction. Exchange instructions swap the corients of two 
registers. 

B. ARITHMETIC AND LOGICAL 

These instructions operate on data in the accumulator, a register, or a 
designated memory location. Results are placed in the accumulator 
and flags are set accordingly. Arithmetic operations include 16-bit ad¬ 
dition and subtraction between register pairs. 

C. BLOCK TRANSFER AND SEARCH 

The Z80 uses a single instruction to transfer any size block of memory 
to any other group of contiguous memory locations. The block search 
uses a single command to examine a bock of memory for a particular 
8 -bit character. 

D. ROTATE AND SHIFT 

Data can be rotated and shifted in the accumulator, a central pro¬ 
cessor register, or memory. These instructions also have binary-coded 



decimal (BCD) handling facilities. 

E. BIT MANIPULATION 

Bit manipulation includes set. reset, and test functions. Individual bits 
may be modified or tested in the accumulator, a central processor, or 
memory. The results of the test operations are indicated in the flag 
register. 

F. JUMP. CALL AND RETURN 

A jump is a branch to a program location specified by the contents of 
the program counter. The program counter contents can come from 

three addressing modes; immediate, extended, or register indirect. A 
call is a special form of jump where the address following the call in¬ 
struction is pushed onto the stack before the jump is made. A return is 
the reverse of the call. This category indudes special restart instruc¬ 
tions. 

G. INPUT AND OUTPUT 

These instructions transfer data between register and memory to ex¬ 
ternal I/O devices. There are 256 input and 256 output ports avail¬ 
able. Special instructions provide for moving blocks of 256 bytes to or 
from I/O ports and memory. 

H. CPU CONTROL 

These instructions include halting the CPU or causing a NOP (no 
operation) to be executed. The ability to enable or disable interrupt In¬ 
puts it a further control capability. 

VI. Instruction and DaU Formats 

Memory for the Z60 it organurd into 6-bit quantities called bytes (see figure 
3.4). Each program byte is stored in a unique memory position and is referenced 
by a 16 -bit binary address. 

Total direct addressing capability is 65.536 bytes (64 K) of memory, which 
may be any combination of ROM (read-only memory), EPROM (erasable-pro¬ 
grammable read-only memory), or programmable memory. DaU b stored in 
the formats of figure 3.5. 
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VII. Z80 Status Flags 

The flag register IF and F) supplies information to the user regarding the status 
of the central processor at any given time. There are four testable and two 
nontcstable flag bits in each register. Figure 3.6 shows the position and identity 
of these flag bits. 
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Instructions set (flag bit - 1) or reset (flag bit - 0) flags in a manner rele¬ 
vant to the particular operation being executed. 

VIII. The 260 Instruction Set 

The following symbols and abbreviations are used in the subsequent description 
of the Z60 Instructions: 

Symbol Meaning 


accumulator 

address 

high-order address 
low-order address 
data 

high-ordrr data 
low-order data 
port 

r. r* 

n 

nn 

d 

b 

e 

cc 


Register A 

A 16-bit address quantity 

The most significant 6 bits of the 16-bit address 

The least significant 6 bits of the 16-bit address 

An 8- or 16-bil quantity 

The most significant 0 bits of the 16-bit data 

The least significant 8 bits of the 16-bit data 

An 8-bit address of an I/O device 

One of the registers A, B. C. D. E. a or L 

A 1-byte expression in the range of 0 thru 255 

A 2-byte expression in the range of 0 thru 65.535 

A 1-byte expression in the range of -128 to 127 

An expression in the range of 0 thru 7 

A 1-byte expression in a range of -126 to 129 

The state of the flags for conditional JR and JP instructions: 


CC 

Condition 

Relevant Flag 

cco 

NZ non aero 

Z 

001 

Z aero 

Z 

010 

NC non carry 

c 

Oil 

C carry 

c 

100 

PO parity odd 

P/V 

101 

PE parity even 

P/V 

110 

P sign positive 

s 

111 

M sign negative 

s 


XXH 


Denotes hexadecimal address value 


qq Any one of the register pairs BC. DE. HL. or AF 

ss Any one of the register pairs BC. DE. HL. or SP 





pp 

rr 

s 

dd 

IHL) 

(nn) 

PC 

SP 

t 

CN.P/V.H.Z.S 


Any one of the register pairs BC. DE. IX. or SP 
Any one of the register pairs BC. DE. IY, or SP 
Any of r. n. (HL». (DC+d>, or (IY + d) 

Any one of the register pairs BC, DE. HL, or SP 
Any of r. (HL), (IX-t-d), or (IY+d) 

Specifics the contents of memory at the location addressed 
by the contents of the register pair HL 
Specifies the contents of memory at the location addressed 
by the 2 -byte expression in nn 
Program counter 
Stack pointer 

An expression in the range of 0 thru 7. 

Condition flags: 

C Carry 
N Add'Subtract 
P/V Parity/Overflow 
H Half-Cany 
Z Zero 
S Sign 

Logrcal AND 
Exclusive OR 
Inclusive OR 
Addition 
Subtraction 
"is exchanged with" 


EIGHT-BIT LOAD GROUP 


ID r. r' 

r — f 

The contents of any register r' are loaded into any other register r. 



Cycles: 1 
States: 4 
Bags: none 


LDr.n 

r — n 

The 8-bit integer n b loaded into any register r. 

°l o r- 7 r r-f 1 l 1 1 0 


Cycles: 2 | ■ n- 

States: 7 1 - 1 - 1 - 1 - L 

Flags: none 


LD r. (HL) 

r - (HL) 

The 8-bii contents of memory location (HL) are loaded into register r. 
r—i—i—i— i — i — i —i— 

1 1 ~ r TT 1 . 1 .° 
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Cycles: 2 
States: 7 
Flags: none 


LD r. UX+d) 

r - (IX+d) 

The operand (IX+d) (the contents of the Index Register IX summed with a 
displacement integer d) is loaded into register r. 


Cycles: 5 
States: 19 
Flags: none 



LD r, (lY+d) 

r - (lY+d) 

The operand (lY+d) (the contents of the Index Register IY summed with a 
displacement integer d) U loaded into register r. 


Cycles: 5 
States: 19 
Flags: none 



LD (HL). r 

(HL)-r 

The contents of register r are loaded into the memory location specified by 
the contents of the HL register pair. 

°' l ’ l' l' o | 

Cycles: 2 
States: 7 
Flags: none 


LD (IX+d). r 

(IX+d) - r 

The contents of register r are loaded into the memory address specified by the 
contents of Index Register IX summed with d, which is a two's complement 
displacement integer. 

—i—i—ill 
I 1 0 1 I 1 


— 


0 1110 


Cycles: 5 
States: 19 
Flags: none 


Co^y?fgnle3 > mafc, i a 



ID (IY+d). r 

(IY+d) - r 
The content* of 
sum of the 
displacement i 


ire loaded into the memory address specified by the 
of the Index Register IY and d, a two’* complement 


Cycle*; 5 
Slate*: 19 
Flag*: none 



LD(HL). n 

(HI) - n 

Integer n 1* loaded into the memory address specified by the content* of the 
HL register pair. 

o'ovro'rrol 

_L__J_I_I-1-1-1-1 


Cycles: 3 
State*: 10 
Flag*: none 



LD (IX+d). n 

UX+d) - n 

The n operand it loaded into the memory address .pacified by the sum of the 
content* of the Index Register IX and the two* complement displacement 
operand d. 


Cycle*: 5 
State*: 19 
Flags: none 



LD (IY+d). n 

(IY+d) - n 

Integer n is loaded into the memory location spec died by the contents of the 
Index Register IY summed with a displacement integer d. 


Cycle*: 5 
State*: 19 
Flag*: none 
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LD A. (BC) 

A-(BC) 

The contents of the memory location specified by the contents of the BC 
register pair are loaded into the Accumulator. 


0 0 


0 

I-L 


1'0 ' 1' 0 
—I—I—I— 


Cycles: 2 
States: 7 
Flags: none 


LD A. (DE) 

A-IDE) 

The contents of the memory location specified by the register pair DE arc 
loaded into the Accumulator. 

o'o'o' 1 Vo' 1 J o 

_I_I_I_I_ I _ I _I— 

Cycles: 2 
States: 7 
Flags: none 


LD A. (nn) 

A - (nn) 

The contents of the memory location specified by the operands nn art loaded 
Into the Accumulator. The first n operand is the low-order byte of a 2-byte 
memory address. _ 


Cycles: 4 
States: 13 
Flags: none 


iVo'i 


■ ' 


J—l 


LD (BC). A 

(BC) - A 

The contents of the Accumulator are loaded into the memory location 
specified by the contents of the register pair BC. 

IoVoVoV l'0 

|—|—i—i—i—|—i—i— 

Cycles: 2 
States: 7 
Flags: none 

LD (DE). A 

(DE) - A 

The contents of the Accumulator are loaded into the memory location 
specified by the DE register pair. 

o'o'o'i'o'o'i'o 

— i —i— i —i— i —i— i — 


Cycles: 2 
States: 7 
Flags: none 
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LD <nn>, A 

(nn) - A 

The contents of the Accumulator are loaded into the memory address 
specified by the operands nn. The first n operand is the low-order byte of 
operand nn. _ 

lo'o'iTo'o' 1' o | 


Cycles: 4 
States: 13 
Flags: none 


LD A, I 


A - I 

The contents of the Interrupt Vector Register 1 are loaded into the 

Accumulator. 

Ii'i'i'o'i'i'o'il 


0 10 10 111 

Cycles: 2 l—J—I—l—I—I l i— 

States: 9 

Flags: S.Z.H.N.P/V 

S: set if I < 0. reset otherwise 
Z. set if 1-0 reset otherwise 
H.N: met 

P/V: contains contents of IFF2 


LD A. R 


A-R 

The contents of Memory Refresh Register R are loaded into the Accumulator. 


1110 110 1 


0 10 11111 


Cycles: 2 | 0 1 0 1 1 

States: 9 1 — 1 — 1 — 1 — 1 — 1 

Flags: S,Z, H.N.P/V 

S: set if R < 0; met otherwise 
Z: set if R-0; met otherwise 
H.N: met 

P/V: contains contents of 1FT2 


I - A 

The contents of the Accumulator are loaded into the Interrupt Control Vec¬ 
tor Regater I. _ 

11 ’ i' i' o ■ r i' o' 11 


Cycles: 2 
States: 9 
Flags: none 


0 1 0 0 0 1 1 1 
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LD R. A 


R - A 

The contents of the Accumulator are loaded into the Memory Refresh 
Register R. 


| 1' l' 11 01 1' 10* l] 


Cycles: 2 
States: 9 
Flags: none 


0 10 0 1111 


SIXTEEN-BIT LOAD INSTRUCTIONS 


LD dd, nn 

dd — nn 

The 2-byte integer nn is loaded into the dd regbtrr pair, where dd defines the 
BC, DE, HL, or SP register pain, assembled as follows in the object code: 

Pair dd 
BC 00 
DE 01 
HL 10 
SP 11 


Cycles: 3 
States: 10 
Flags: none 


LD IX. nn 


IX — nn 

Integer nn is loaded into the Index Register IX. 


i'toYi 

11111 

1 1 0 ’ 1 

1 1 


| o' o' r o' o' 

0 0 1 


Cycles: 4 
Sutes: 14 
Flags: none 


QZ 

_ n 

■i i 

tn 


— 


LD IY. nn 

IY - nn 

Integer nn is loaded into the Index Register IY. 


Cycles: 4 
States: 14 
Flags: none 
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LD HL. (tin) 

H - (nn+1). L - (nn) 

The contents of memory’ address nn are loaded into register L, and the con¬ 
tents of the next highest memory location (nn+1) are loaded into register H. 


Cydes: 5 
States: 16 
Flags: none 


1 o' o' 

1 ' 0 ' 1 ' 0 ' 1' 0 

L_i_i 

— i —i— i — 1 ■ 


LD dd. (nn) 

dd. - (nn+1). dd* - (nn) 

The contents of address nn are loaded into the low-order portion of register 
pair dd. and the contents of the next highest memory address (nn+1) are 
loaded into the high portion of dd. 


Cydes: 6 
States: 20 
Flags: none 



LD IX. (nn) 

IX. - (nn+1), IX* - (nn) 

The contents of the address nn are loaded into the low-order portion of Index 
Register IX. and the contents of the next highest memory address (nn+1) are 
loaded into the harder portion of IX. 


Cycles: 6 
States: 20 
Flags: none 



LD IY. (nn) 

IY. - (nn+1). IY. - dm) 

The contents of address nn are loaded into the low-order portion of Index 
Register IY. and the contents of the next highest memory address (nn+1) are 
loaded into the high-order portion of IY. 
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E 


Cydes: 6 
Slain: 20 
Flag*: none 


1 1 1 

—I—I— 


0 1 0 

—I—i— 


ID (nn), HL 

(nn+1) - H. (nn) - L 

The content* of register L are loaded into memory address nn. and the con- 
lent* of register H are loaded into the next highest address location nn+1. 


0 0 10 0 

—I—i—i—i— 


Cycle*: 5 
Stale*. 16 

Flags: none 




J-1-i-L_ 


1 0 


- 


LD (nn), dd 

(nn + 1 ) - dd., (nn) - dd. 

The low-order byte of register pair dd i* loaded into 
upper byte 1 * loaded into memory address nn + 1 . 


1110 11 

—I-1-1-1—1_ 


0 1 d d 0 0 

_j— i—i—i—i_ 


Cycle*: 6 
State*: 20 
Flag*: none 


j-1-1 —| — L 


J-I-1-I-L 


nn; the 


LD (nn). IX 

(nn+1) - IX.. (nn) - IX, 

The low-order byte in Index Register IX b loaded into memory address nn; 
the upper-order byte b loaded into the next highest address nn+ 1 . 


110 111 

—I—1—I—1_l_ 


0 ‘ 0 ‘ 1 ’ 0 ‘ 0 ' 0 


Cycle*: 6 
States: 20 
Flags: none 


j-1-1-1-L 


j-1-1-j- l 


LD (nn), IY 

(nn+1) - IY., (nn) - IY. 

The low-order byte in Index Register IY b loaded into memory address nn; 
the upper-order byte b loaded into memory’ location nn+ 1 . 



Cycle: 6 
State: 20 
Flags: none 


LDSP. HL 

SP - HL 

The content* of the register pair HL are loaded into the SP (alack pointer). 


Cycle: 1 
Suto: 6 
Flags: none 


iVmVo'o'i 

—1—I—I—J—I_I_I_ 


LDSP. IX 

SP - IX 

The 2-byte content* of Index Register IX are loaded into the SP (»Uck 


i ■ r o' i' r r o' i 

—1—I—I—I—I—I—I— 


Cycle: 2 
State* 10 
Flags: none 


I—i—i—i—i—i—i—r- 
111110 0 1 
I l. l l—i_l—i—l— 


LD SP, IY 

SP-1Y 
The 2-byte 
pointer). 


Cycle: 2 
State: 10 
Flags: 


content* of Index Regale IY are loaded into the SP (stack 


—i-1—i—i—P—1—I— 

1111110 1 

—J—I—l—l—I—l—1_ 


—i—i—i—i—i—i—i— 

111110 0 1 


PUSH qq 

(SP—2) - qq,. (SP-1) - qq„ 

The contents of the register pair qq are pushed into the external memory 
UFO (last-in. first-out) Stack. The Stack Pointer (SP) register pair holds the 
16-bit address of the current “top" of the Stack. This instruction first 
decrements the SP and loads the high order byte of register pair qq Into the 
memory address now specified by the SP; then decrements the SP again and 
loads the low order byte of qq into the memory location corresponding to 
this new address in the SP. 


l l qqO l O l 

_i—i—i—i—i—l—i— 
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Cycles: 3 
States: 11 
Flags: none 
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PUSH IX 


(SP-2) - IX,. (SP-1) - IX. 

The contents of the Index Register IX are pushed into the Stack. This instruc¬ 
tion first decrements the SP and loads the high-order byte of IX into the 
memory address now specified by the SP; it then decrements the SP again 
and loads the low-order byte into the memory location corresponding to this 
new address in the SP. 


Cycles: 3 
States: IS 
Flags: nor 


1 1 1 ■ 0 ■ 1 ] 11 1 

; °; 11 


|l 'l 'l 'o 'o 'l 

—1— J — 1 1 1 

° ■ 11 


PUSH IY 


(SP—2> - IY,. (SP-1) - IY. 

The contents of the Index Register IY are pushed into the Stack. This instruc¬ 
tion first decrements the SP and loads the high-order byte of IY into the 
memory address now specified by the SP; it then decrements the SP again 
and loads the low-order byte into the memory location corresponding to this 
new address in the SP. 


Cycles: 4 
States. 15 
Flags: 


ii 'i ’i *1 ■» 'i 

i i i i i 

'o 'l 

1 1 


I 1 1 i ° ° i 

■° 1 


none 


POP qq 

qq. - (SP+1). qq, - (SP) 

The top 2 bytes of the Stack are popped Into register pair qq. This instruction 
first loads into the low-order portion of qq the byte at the memory location 
corresponding to the contents of SP; then SP is incremented and the contents 
of the corresponding adiacent memory location are loaded into the high- 
order portion of qq. and the SP to now incremented again. 

1 ’l 'q ’q 'O ’0 'O 'l 

—I—|—|—|—|—|— 

Cycles: 3 
States: 10 
Flags: none 


POP IX 

IX. - (SP+1). IX, - (SP) 

The top 2 bytes of the Stack art popped into Index Register IX. This instruc¬ 
tion first loads into the low-order portion of IX the byte at the memory loca¬ 
tion corresponding to the contents of SP; the SP is incremented and the con¬ 
tents of the corresponding adjacent memory location are loaded into the 
high-order portion of IX. The SP a now incremented again. 

l 1 ;■;■;»;■ 

1 'l 'l 'o 'o ’o 'o 'l I 




Cycles: 4 
States: 14 
Flags: none 



POP IY 


IY. - (SP+1). IY t - (SP) 

The lop 2 bytes of ihe Suck are popped into Index Register IY. This Instruc¬ 
tion first loads into the low-order portion of IY the byte at the memory loca¬ 
tion corresponding to the contents of SP; then the SP is incremented and the 
contents of the corresponding adjacent memory location are loaded into the 
high-order portion of IY. The SP is now incremented again. 

11; i; i; i; i; i; o; i 

Cycles: 4 |l 1 1 0 0 0 0 1 

States: 14 1 1 1 1 1 1 1 

Flags: none 


EXCHANGE. BLOCK TRANSFER AND SEARCH CROUP 

EX DE. HI 

DE - HL 

The 2-byte contents of register pairs DE and HL are exchanged. 


| 1 1 1 0 1 0 1 1 

Cycles: 1 
Sutes: 4 
Flags: none 


EX AF. AP 

AF- AF 

The 2-byte contents of the register pairs AF and AF are exchanged. 
—i—i—i—i—i—i—i— 

0 0 0 0 1 0 0 0 
— i — l — ill — i — i — 

Cycles: 1 
States. 4 
Flags: none 


EXX 

(BC) - (BO. (DE) - (DEO. (HL) - (HL0 

Each 2-byte value in register pairs BC, DE, and HL is exchanged with the 
2 -byte value in BC. DF. and HL' respectively. 

110 110 0 1 
I*iii— i—i—i— 

Cycles. 1 
Sutes: 4 
Flags: none 
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EX (SP). HL 

H - (SP+1). L - (SP) 

The low-order byte contain e d in register pair HL is exchanged with the con¬ 
tents of the memory address specified by the contents of register pair SP. and 
the high-ordcr byte of HL is exchanged with the next highest memory address 
(SP+1). 

1 1 1 0 0 0 1 1 

i » f i i i i 

Cycles: 5 
States: 19 
Flags: none 


EX (SP), IX 

IX- - (SP+1). IX. - (SP) 

The low-order byte in the Index Register IX is exchanged with the contents of 
the memory address specified by the contents of register pair SP, and the 
high-order byte of IX is exchanged with the next highest address ISP+1). 

| 1 j l ' o' l' l' lj o\ 1 


Cycles: 6 
States: 23 
Flags: none 


1 1 


1 0 0 0 1 1 
—i—i—i—l—l— 


EX (SP). IY 

IY- - (SP + 1). IY. - (SP) 

The low-order byte in Index Register IY is exchanged with the contents of the 
memory address specified by the contents of register pair SP. and the high- 
ordcr byte of IY is exchanged with the next highest memory address. 


1111110 1 


Cycles: 6 
States: 23 
Flags: 


1 1 1 0 0 0 1 1 
L I I— I —L. ,1. 1 ■ 


none 


LDI 


(DE) - (HL), DE - DEM. HL - HL + 1, 8C - BC-1 

A byte of data is transferred from the memory location addressed by the con¬ 
tents of the HL register pair to the memory location addressed by the contents 
of the DE register pair. Then both register pairs are incremented and the BC 
(byte counter) register pair is decremented. 


1110 110 1 


Cycles: 4 
States: 16 
Flags: RN.P/V 


1 0 1 0 0 0 0 0 


H.N: reset 

P/V: set if BC —1*0; reset otherwise 



LDIR 


(DE) - (HL). DE - DE+1. HL - HL+1. BC - BC-1 
This 2-byte instruction transfers a byte of data from the memory location ad¬ 
dressed by the contents of the HL register pair to the memory location ad¬ 
dressed by the DE register pair. Then, both register pairs are incremented and 
the BC (byte counter) register pair is decremented. If decrementing causes the 
BC to go to 0. the instruction is terminated. If BC is not 0, the program 
counter is decremented by 2 and the instruction is repeated. Note: if BC is set 
to 0 prior to instruction execution, the instruction will loop through 64 K 
bytes. Also, interrupts will be recognized after each data transfer. 

11' r i v r iV r 

I i’ o' f i' o’ o' o' 0I 

For BC*0: 1 — 1 — 1 — 1 — 1 — 1 — 1 — 1 — 1 

Cycles: 5 
States: 21 

For BC-0: 

Cycle: 4 
State: 16 

Flags: H.N.P/V: reset 


LDD 

(DE) - (HU. DE - DE-1. HL - HL-1. BC - BC-1 

This 2-byte instruction transfers a byte of data from the memory location ad¬ 
dressed by ihe contents of the HL register pair to the memory location ad¬ 
dressed by the contents of the DE register pair. Then both register pairs in- 



Flags: H.N.P/V 
H.N: met 

P/V: set if BC-1* 0; reset otherwise 


LDDR 

(DE) - (HL). DE - DE-1. Fa - HL-1. BC - BC-1 
This 2-byte instruction transfers a byte of data from the memory location ad¬ 
dressed by the contents of the HL register pair to the memory location ad¬ 
dressed by the contents of the DE register pair. Then both registers, as well as 
the BC (byte counter), axe decremented. If decrementing causes the BC to go 
to 0. the instruction is terminated. If BC is not 0, *hc program counter is 
decremented by 2 and the instruction is repeated. Note: if BC Is set to 0 prior 
to instruction execution, the instruction will loop through 6-5 K bytes. Also, 
interrrupts will be recognized after each data transfer. 

u thf 7*5 unoftnsa 
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For BOO: 


1 1 ’ 1 ' 0'1 

1 » 1 1 

1 r o'! | 


1—1 1 1— 

i i i 

10 111 

0 0 0 

1 ' 1 '_ 

1 1 


Cycles: 5 
States: 21 

For BOO: 

Cycles: 4 
Stales: 16 

Flags: H.N.P/V: reset 


A-(HU HL - HL+1, BC - BC-1 

The contents o( the memory location addressed by the HL register pair are 
compared with the contents of the Accumulator. In case of a true compare, a 
condition bit is set. Then HL b incremented and the byte counter (register 
pair BC) b decremented. 

rrroViVi 

-k-1-!_l-1-1-1- 

* i i . , °A°. , °>r° T ^i 

S.Z.H.N. P/V 

S: set If result b negative: reset otherwise 
Z: set if A-(HL»; reset otherwise 
H: set If no borrow from bit 4; reset otherwise 
N: set 

P/V: set if BC -1 * 0; reset otherwise 


Cycles: 

States: 

Flags: 


CPIR 

A-(HI). HL - HL + 1. BC - BC-1 

The contents of the memory location addressed by the HL register are com¬ 
pared with the contents of the Accumulator. In case of a true compare, a con¬ 
dition bit b set. The HL b incremented and the BC h decremented. If 
decrementing causes the BC to go to 0 or if A-(HL). the instruction b ter¬ 
minated. If BC b not 0 and if A* (HL). the program counter b decremented 
by two. and the instruction b repeated. Note: if BC b set to 0 before instruc¬ 
tion execution, the instruction will loop through 64 K bytes, if no match b 
found. Also, interrupts will be recognUed after each data comparison. 

r r To’r To'11 

1 ... I . I I 

iViVoVo'i 


For BC * 0 and A * (HL): 

Cycles: 5 
States: 21 


For BC-0 or A-(HL): 
Cycles: 4 


THt2*5KiatO?ROaSSOR47 3r . ja | 



States: 16 

Flags: S.Z.H.N.PZV 

S: set if result b negative; reset otherwise 
Z: set if A=(HL); reset otherwise 
H: set if no borrow from bit 4: reset otherwise 
N: set 

P/V: set if BC-1*0; reset otherwise 


CPD 


A-tHL). HL - HL-1. BC - BC-1 

The contents of the memory location addressed by the HL register pair are 
i of the Accumulator. In case of a true compare a 
bU b set. The HL and the BC are decremented. 


1 1 

—I— 


0 1 1 


Li 


Cycles: 4 
States: 16 
Flags: S. Z, H. N. P/V 


‘ . V . V . 0 . 0 . 1 


S: set if result b negative, reset otherwise 
Z: set if A—(HL); reset otherwise 
H: set if no borrow from bit 4; reset otherwise 
N: set 

P/V: set if BC —1*0; reset otherwise 


CPDR 

A-CHL). HL - HL-1. BC - BC-1 

The contents of the memory location addressed by the HL register pair are 
compared with the contents of the Accumulator. In case of a true compare a 
condition bit b set. The HL and BC register pairs are decremented. If 
decrementing causes the BC to go to 0 or if A-(HL), the Instruction Is ter- 
minalrd If BC U not 0 and A * (11L). the program counter U decremented by 
2 and the instruction is repeated. Note: if BC b set to 0 prior to instruction ex¬ 
ecution. the instruction will loop through 64 K bytes if no match is found. 
Abo. interrupts will be recognized alter each data comparison. 

—i—i—i—i—i—i—i— 

1 t l t l , 0.1 .1 , 0,1 

■.i v l v l v j. 

For BC * 0 and A * (HL>: 

Cycles: S 
States. 21 


For BC-Oo. A«(HL): 

Cycles: 4 

States: 16 

Flags: S.Z.H.N.P/V 

S: set if result b negative; reset otherwise 
Z: set if A — (HL); reset otherwise 
H: set if no borrow from bit 4; reset otherwise 
N: set 

P/V: set if BC-1*0; reset otherwise 
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EIGHT-BIT ARITHMETIC AND LOGICAL GROUP 


ADDA, r 

A — A+r 

The contents of register r are added to the contents of the Accumulator, and 
the result is stored in the Accumulator. 


| 1' 0* o' o' 

Cycles: 1 
States: 4 

Hags: S.Z.H.N.C.P/V 

S: set if result is negative; reset otherwise 
Z: set if result is 0: reset otherwise 
H: set if carry from bit 3; reset otherwise 
N; reset 

C: set if carry from bit 7; reset otherwise 
P/V: set if overflow; reset otherwise 


ADD A, n 

A — A+n 

The integer n is added to the contents of the Accumulator, and the results are 
stored in the Accumulator. 


i‘ i' o’ o' o' i' i' o| 

_i—i—i—i—i—i—i—1 



Cycles: 2 
States: 7 

Flags: S.Z.H.N.C.P/V 

S; set if result is negative; reset otherwise 
Z: set if result is 0. reset otherwise 
H: set if carry from bit 3; reset otherwise 
N: reset 

C: set if carry from bit 7; reset otherwise 
P/V: set if overflow; reset otherwise 


ADD A, <HL> 

A - A+(HL) 

The byte at the memory address specified by the contents of the HL register 
pair is added to the contents of the Accumulator, and the result » stored in 
the Accumulator. 

I’oVoViVol 


Cycles: 2 
States: 7 

Flags: S.Z.H.N.C.P/V 

S: set if result is negative: reset otherwise 
Z: set if result is 0: reset otherwise 
H: set if carry from bit 3; reset otherwise 
N: reset 

C: set if carry from bit 7; reset otherwise 
P/V: set if overflow; reset otherwise 


IKE ZBJ MXSCC70CfS!CG 49 jg, 



ADD A, OX+d) 

A — A+flX+d) 

The con texts of the Index Register IX are added to a displacement d to point 
to an address in memory. The contents of this address are then added to the 
contents of the Accumulator, and the result is stored in the Accumulator. 



Cycles: 5 

SUttS: 19 

Flags: S.Z.H.N.C.P/V 

S: set if result is negative; reset otherwise 
Z: set if result b 0; reset otherwise 
H: set if carry from bit 3; reset otherwise 
N: reset 

C: set if cany from bit 7; reset otherwise 
P/V: set if overflow; reset otherwise 


ADD A. (IY+d) 

A - A+flY+d) 

The contents of the Index Register IY are added to a displacement d to point 
to an address in memory. The contents of this address are then added to the 
contents of the Accumulator, and the result » stored In the Accumulator. 


FT7 

1 _■_■_ 

1 

1 1 

0 

3 


|l o 'o 

0 

0 1 

1 

7] 



_ Am 




1 ■ ■ 

■ 0- 

J_ l__ 


nJ 


Cycles: 5 
States: 19 

Flags: S.Z.H.N.C.P/V 

S: set if result b negative; reset otherwise 
Z: set if result b 0; reset otherwise 
H: set if cany from bit 3; reset otherwise 
N: set 

C: set if carry from bit 7; reset otherwise 
P/V: set if overflow; reset otherwise 
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ADC A. s 

A - A+s+CY 

The 5 operand is any of r, n. (HL). (DC+d). or (lY+d) as defined for the 
analogous ADD instruction. These various possible opcode operand com¬ 
binations are assembled in the object code as follows: 


ADC A. r 
ADC A. n 


ADC A. (HL) 
ADC A. (IX+d) 


ADC A. (lY+d) 



The s operand, along with the Carry Flag (*C in the F register) is added to 
the contents of the Accumulator, and the result is stored in the Accumulator. 


Instruction 
ADC A, r 
ADC A. n 
ADC A. (HL> 
ADC A, (lX+d) 
ADC A. (lY+d) 


Cycles 


5 

5 


States 

4 

7 

7 

19 

19 


Flags: S.Z.H.N.C. P/V 

S: set if result is negative.- reset otherwise 
Z: set if result b 0: reset otherwise 
H: set if carry from bit 3; reset otherwise 
N: reset 

C: set if cany from bit 7; reset otherwise 
P/V: set if overflow; reset otherwise 



A - A—$ 

The » operand is subtracted from the contents of the Accumulator, and the 
result is stored in the Accumulator. 


SUB r 
SUB n 


SUB (HI) 
SUB (IX+d) 


SUBUY+d) 



Instruction Cycles States 

SUB r 1 4 

SUB n 2 7 

SUB (HL) 2 7 

SUB OX+d) 5 19 

SUB OY+d) 5 19 


Rags: S.Z.H.N.CP/V 

S: set if result is negative, reset otherwise 
Z: set if result is 0; reset otherwise 
H: set if no borrow from bit 4; reset otherwise 
N: set 

C: set if no borrow; reset otherwise 
P/V: set if overflow; reset otherwise 
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SBC A, s 


A - A-s-CY 

The s operand, along with the Cany Flag CC in the F register! is subtracted 
from the contents of the Accumulator, and the result is stored in the 
Accumulator. 


SBC A, r 
SBC A. n 


SBC A,(HL) 
SBC A,(IX+d) 


SBC A,(IY+d) 


Instruction Cycles States 

SBC A. r 1 4 

SBC A, n 2 7 

SBC A, (HL) 2 7 

SBC A, (IX+d) 5 19 

SBC A, OY+d) 5 19 


Flags: S,Z,H,N,C,P/V 

S: set if result is negative; reset otherwise 
Z: set if result is 0; reset otherwise 
H: set if no borrow from bit 4; reset otherwise 
N; set 

C: set if no borrow; reset otherwise 
P/V: set if overflow; reset otherwise 



7w ZN Haa K naaii«. ; . 



AND* 


A — A"* 

A logical AND operation, bit by bit, » performed between the byte specified 
by the $ operand and the byte contained in the Accumulator; the result is 
stored in the Accumulator. 


AND r 

AND n 


AND (HI) 

AND{IX+d) 


ANDUY+d) 



Instruction 
AND r 
AND n 
AND (Hl> 
AND UX+d) 
ANDOX+d) 


Cycles States 

1 4 

2 7 

2 7 

5 19 

5 19 


Flags: S.Z.H.N.CP/V 

S: set if result is negative; reset otherwise 
Z: set if result is 0; reset otherwise 
H: set 
N: reset 
C: reset 

P/V: set if parity even; reset otherwise 
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A — A*$ 

A logical OR operation, bit by bit. is performed between the byte specified 
by the s operand and the byte contained in the Accumulator.- the result is 
stored in the Accumulator. 


ORr 

ORn 


OR(HL) 

OR(IX+d) 


OR (IY -4- d) 



Instruction 

Cydes 

Stales 

ORr 

1 

4 

ORn 

2 

7 

OR IHD 

2 

7 

OR llX+d) 

5 

19 

OR (IY+d) 

5 

19 


S.2.H.N.C. P/V 

S: set if result is negative; reset otherwise 
Z; set if result b 0; reset otherwise 
H: set 
N; reset 
C: reset 

P/V; set if parity even; reset otherwise 


Flags: 




A — A»s 

A logical exdusive-OR operation. bit by bit. is performed between the byte 
specified by the s operand and the byte contained in the Accumulator; the 
result is stored in the Accumulator. 


XORr 


XORn 


XORfHL) 
XOR llX+d) 


XOR OY+d) 



Instruction Cycles States 

XOR r 14 

XOR n 2 7 

XOR (HU 2 7 

XOR (IX+d) 5 19 

XOR (IY+d) 5 19 


Flags: S.Z. H.N.C.P/V 

S: set if result is negative; reset otherwise 
Z-. set if result if 0; reset otherwise 
H: set 
N: reset 
C: reset 

P/V: set if parity even; reset otherwise 
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CPs 

A-s 

The contents of the s operand are compared with the contents of the Ac¬ 
cumulator. If there is a true compare, a flag is set. 


CP r 

CP n 


CP (HL> 
CP (IX+d) 


CP (lY+d) 



Instruction 
CP r 
CP n 
CP (HL) 

CP (IX+d) 
CP <lY+d) 


Cycles States 

1 4 

2 7 

2 7 

5 19 


5 19 


Flags: S.Z.H.N.C.P/V 

S: set if result is negative.- reset otherwise 
Z: set if result is 0; reset otherwise 
H: set if no borrow from bit 4; reset otherwise 
N: set 

C: set if no borrow; reset otherwise 
P/V: set if overflow; reset otherwise 






INC r 


r - r +1 

Register r is incremented. 

0'0-^—^-r— 1 ' 0 ' 0 

Cycles: 1 
States: 4 

Flags: S.Z. H.N.P/V 

S: set if result is negative; reset otherwise 
Z: set if result is 0; reset otherwise 
H: set if carry from bit 3; reset otherwise 
N: reset 

P/V: set if r was 7FH before operation; reset otherwise 


INC (HU 

(HL) - (HL)+1 

The byte contained in the address specified by the contents of the HL register 
pair is incremented. 

EZZZEZIZ 

Cycles: 3 
States 11 

Flags: S.Z. H.N.P/V 

S: set if result is negative; reset otherwise 
Z: set if result is 0; reset otherwise 
H: set if carry from bit 3; reset otherwise 
N: reset 

P/V: set if (HU was 7FH before operation; reset otherwise 


INC (IX+d) 

(IX+d> - (IX+d) + l 

The contents of the Index Register IX are added to a two's complement 
displacement integer d to point to an address in memory. The contents of this 



Flags. S.Z.H.N.P/V 

S: set if result is negative; reset otherwise 
Z: set if result is 0; reset otherwise 
H: set if carry from bit 3; reset otherwise 
N: reset 

P/V: set if (IX+d) was 7FH before operation; reset otherwise 


INC (IY+d) 

(IY+d) - (IY+d) + l 

The contents of the Index Register IY are added to a two's complement 
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displacement integer d to point to an address in memory. The contents of this 
address are then incremented. 


Cycles: 

States: 

Flags: 



23 

S. 2, H.N.P/V 

S: set if result is negative; reset otherwise 
Z: set if result is 0; reset otherwise 
H: set if carry from bit 3; reset otherwise 
N: reset 

P/V: set if (lY+d) was 7FH before operation; reset otherwise 


DEC m 

m - m -1 

The byte specified by the m operand b decremented. 


DEC r 


DEC (HI) 


DEC (IX-t-d) 


DEC (IY+d) 


i. 


Instruction 

C*cks 

States 

DEC r 

1 

4 

DEC (HL) 

3 

11 

DEC (IX+d) 

6 

23 

DEC (lY+d) 

6 

23 

Flags: S.Z.H.N.P/V 



S: set if result is negative: reset otherwise 
Z: set if result is 0; reset otherwise 
H: set if no borrow from bit 4; reset otherwise 
N: set 

P/V: set if m was COH before operation; reset otherwise 






GENERAL PURPOSE ARITHMETIC AND CPU CONTROL CROUPS 


CPL 

A - A 

Contents of the Accumulator are inverted (l's complement). 

—i— r - T — i — i —!— i —| 

0 0 1 0 1' 1' 1 § 1 | 

Cydo: 1 
States: 4 
Flags: H.N 
H: set 
N: set 


NEC 


A - 0-A 

The contents of the Accumulator are negated (two's complement). This Is the 
same as subtracting the contents of the Accumulator from 0. 


Cycles: 

States: 

Flags: 


E 

1 V 0 

_ i_ i _i 

1 1 
_i_i 

— 1 — 
All 


E 

1 'o' o' 

--1 X. .1 

0 1 

1 - 

0 ' 0 1 

* 1 


S.Z.H.N.C.P/V 

S; set U result Is negative; reset otherwise 
Z: set J result Is 0. reset otherwise 
H: set if no borrow from bit 4; reset otherwise 
N: set 

C: set If Accumulator was not OOH before operation; reset other¬ 
wise 

P/V: set If Accumulator was dOH before operation; reset otherwise 


CY - CY 

The C flag In the F register b inverted. 

i ‘ 0 V 1 V 1 V r 

Cycles: 1 
States: 4 
Flags: H.N.C 

H: previous carry will be copied 
N: reset 

C: set if CY was 0 before operation; met otherwise 


SCF 

CY - 1 

The C flag in the F register is set. 

o'oVi'o’iVi 

-1-1-1-1-1-1-L_ 


Cycles: 1 
States: 4 
Flags: H.N.C 
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H: reset 
N: reset 
C: set 


NOP 


The central processor performs no operation during this machine cycle. 

o'o'o'o*o|o'o|o 

Cycles: 1 
States: 4 
Flags: none 


DAA 


This instruction conditionally adjusts the Accumulator for BCD addition and 
subtraction operations. For addition (ADO. ADC. MQ or subtraction (SUB. 
SBC. DEC. NEC), the following table indicates the operation performed: 


OPERATION 

C 

BEFORE 

DAA 

HEX 

VALUE 

IN 

UPPER 

DICIt 

(bit 

7-*) 

U 

BEFORE 

DAA 

HEX 

VALUE 

IN 

LOWER 

DIGIT 

(bit 

3-0) 

NUHBER 

ADDED 

TO 

BYTE 

C 

AFTER 

DAA 


o 

0-9 

0 

0-9 

00 

0 


0 

0-8 

0 

A-F 

06 

0 


0 

0-9 

1 

0-3 

06 

0 

ADD 

0 

A-r 

0 

0-9 

60 

1 

ADC 

0 

9-r 

0 

A-F 

66 

1 

INC 

0 

A-F 

1 

0-3 

66 

1 


1 

0-2 

0 

0-9 

60 

1 


1 

0-2 

0 

A-F 

66 

1 


1 

0-3 

1 

0-3 

66 

1 

SUB 

0 

0-9 

0 

0-9 

00 

0 

SBC 

0 

0-3 

1 

6-F 

FA 

0 

DEC 

1 

7-F 

0 

0-9 

A0 

1 

NEC 

1 

6-F 

1 

6-F 

9A 

1 


M CYCLES: 1 T STATES: * * HHZ E.T.: 1.00 


Cycles: 1 
States: 4 

Flags: S.Z.H.C.P/V 

S: set if most significant bit of Accumulator is 1 after operation; 
reset otherwise 

Z: set if Accumulator is 0 after operation; reset otherwise 
H: see instruction 
C: see instruction 

P/V: set if Accumulator is even parity after operation; reset other¬ 
wise 
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HALT 


The HALT instruction suspends the central processor operation until a subse¬ 
quent interrupt or reset is received. While in the halt state, the processor will 
execute NOPs to maintain memory refresh logic. 

0 1 1 1 1 1 1 1 0 ! 1 . 1 . 0 1 

Cycles: 1 
States; 4 
Flags: none 


IFF- 0 

D1 disables the maskable interrupt by resetting the interrupt enable (lip-flops 
UFF1 and IFF2). Note: this instruction disables the maskable interrupt during 
Us execution. 

|—i—i—t—i—i—i—i— 

1 1 1 1 0 0 1 1 

I—i—i—i—i—t—J—i— 

Cycles: 1 
States: 4 
Flags: none 


El 

IFF - 1 

El enables the maskable interrupt by setting the interrupt enable Hip-Hops 
(IFF1 and IFF2I. Note: this instruction disables the maskable interrupt during 
its execution. 

I 1 1 1 I 0 1 1 

—i—i—i—i—i—i—i—I 

CycWai 1 
States: 4 
Flags: none 


IMO 


The INI 0 instruction sets interrupt mode 0. In this mode the interrupting 
device can insert any instruction on the data bus and allow the central pro¬ 
cessor to execute it. 


El 

i — •. —i— 
1 0 ] 

‘l 'o \x 1 




El 

'o 'o 'o 

1—1—1— 

'l 'l 'o I 


Cycles: 2 
States: 8 
Flags: none 

LM 1 

The INI 1 instruction sets interrupt mode 1. In this mode the processor will 
respond to an interrupt by executing a restart of location 0038H. 
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IM 2 


Cycles: 

Slates: 

Flags: 


2 

6 

none 


rTTTTTVT 


oVoVoV.'o 


The IM 2 instruction sets interrupt mode 2. This mode allows an indirect call 
to any location in memory. With this mode, the central processor forms a 
16-bit memory address. The upper 8 bits are the contents of the Interrupt 
Vector Register I and the lower 8 bits are suppUed by the interrupting device. 

1 I 1 I 1 I 0 I 1 ! 1 I 0 I i"1 

2 1 ° 1 0 ! 1 .° 

8 

none 


Cycles: 

States. 

Flags! 


SIXTEEN-BIT ARITHMETIC CROUP 

ADD HL, ss 

HL - HL+» 

The contents of register pair tt are added to the contents of register pair HL 
and the result is stored in HL. 

—i— r—i —i—i— i —i— 

0.0.*.». 1.0.°. 1 

Cycles: 3 
States: 11 
Flags: H.N.C 

H: set if carry out of bit 11; reset otherwise 
N: reset 

C: set If carry from bit 15; reset otherwise 


ADC HL, ss 

HL - HL+ss+CY 

The contents of register pair ss are added with the Carry Flag to the contents 
of the register pair HL. and the result is stored in HL. 

—I—i—i—i—l—l—l— 

1110 110 1 
— i—*—i—i—i—i—i— 

0 1 1 1 s 1 s‘ 1 * 0^1*0 


15 

S.Z.H.N.C.P/V 

S: set if result is negative; reset otherwise 
Z: set if result is 0; reset otherwise 
H: set if carry out of bit 11; reset otherwise 
N: reset 

C: set if carry from bit 15; reset otherwise 
P/V: set if overflow; reset otherwise 


Cycles: 

States: 

Flags: 


ZK MXKWSDOiK*M)rial 




SBC HL. ss 

HL - Hi-»-CY 

The contents of the register pair ss and the Cany Rag are subtracted from the 
contents of register pair HL, and the result is stored in HL. 


Cycles: 

States: 

Flags: 


1 1 1 1 ' 0 ' 1 
till 

T 

1 0 ' 1 

1 1 


I o' l’s's'o 

0 

1 °l 


S.Z.H.N.C.P/V 


S: set if result is negative; reset otherwise 
Z: set if result is 0; reset otherwise 
H: set if no borrow from bit 12; reset otherwise 
N: set 

C: set if no borrow; reset otherwise 
P/V: set if overflow; reset otherwise 


ADD IX. pp 

IX - IX+pp 

The contents of register pair pp are added to the contents of the Index 
Register IX, and the results are stored in IX. 


Cycles: 4 
Suits: 15 
Flags: H.N.C 


11011101 

o'oVpVoVi 


H: set if cany out of bit 11; reset otherwise 
N: reset 

C: set if carry from bit 15; reset otherwise 


ADD 1Y. rr 

IY - IY+rr 

The contents of register pair n are added to the contents of Index Register IY. 
and the result is stored in IY. 


Cycles: 4 
States: 15 
Flags: H.N.C 

H: set if carry out of bit 11; reset otherwise 
N: reset 

C: set if cany from bit 15; reset otherwise 


loVr'rVoVl 

l i i—i—i—i—i—i— 


INCss 

ss - »+l 

The contents of register pair ss are incremented. 

O'o's's'o'o'l'l 

1 ■ ■ I- L—J -1-1-1- 
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INC IX 


Cycles: 1 
Stales: 6 

Flags: none 


IX - IX+1 

The contents of the Index Register IX are incremented. 


Cycles: 2 
States: 10 
Flags: none 


0 0 1 


0 0 0 1 1 


INC IY 

IY - IY+1 

The contents of the Index Register IY are incremented. 


Cycles: 2 
States: 10 

Flags: none 


0 0 1 0 0 0 1 1 

_i__ i — i —|—i i i — 


DECss 

ss - ss —1 

The contents of register pair m are decremented. 

0 0 5 5 l' 0 ' f 1 

I 1 I 1 1 I i 

Cycles: 1 
States: 6 
Flags: none 


DEC IX 

IX - IX-l 

The contents of the Index Register IX are decremented. 


Cycles: 2 
States: 10 
Flags: none 


I'l'o'l'l'l'o'l 


0 0 19 10 11 


DEC IY 

IY - IY—1 

The contents of the Index Register IY are decremented. 

-i-1-1- 1 i i i- 

1111110 1 

- 1 -!- 1 - 1 - 1 - 1 - 1 - 




T«2.M1C10'R0CESK*« 



Cycles: 2 
States: 10 
Flags: nos 


ROTATE AND SHIFT CROUP 

rlca Eb^EEH' 1 

A 

The contents of the Accumulator are rotated left. The content of bit 7 is 
copied into ike Cany Flag, and also into bit 0. 

|° >> Vo ! 1 A 1 

Cycles: 1 
States: 4 
Flags: RN.C 
H: reset 
N: reset 

C: data from bit 7 of Accumulator 

hla l B'EED J 

A 

The contents of the Accumulator are routed left. The content of bit 7 is 
copied into the Carry Flag, and the previous content of the Cany Flag is 
copied into bit 0. 

T°l°! 1 ! 0 I 

Cycles: 1 
States 4 
Flags: H.N.C 
H: reset 
N: reset 

C: dau from brt 7 of Accumulator. 

RRCA REEB4!l 
A 

The contents of the Accumulator are routed right. The content of bit 0 is 
copied into bit 7 and also into the Carry Flag. 

I I T T i i i 

0 0 0 0 1 1 1 1 


RRA 


Cydes: 1 
States 4 
Flags. RN.C 


H: reset 
N: reset 

C: daU from bit 0 of Accumulator. 




A 

The contents of the Accumulator are rotated right. The content of bit 0 is 
copied into the Cany Flag, and the previous content of the Carry Flag is 
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copied Into bit 7. 


0 0 0 1 1 1 1 1 


Cycles: 1 
States: 4 
Flags: H.N.C 
H: reset 
N: reset 

C: data from bit 0 of Accumulator. 


The 8-bit contents of register r are rotated left. The content of bit 7 is copied 
into the Carry Flag and also into bit 0. 

Il'l'o'o'l'o'l'll 


Cycles: 2 I 0 . 0 . 0 . 0 . 0 TT r T 

States: 8 * * ‘ ‘ - 1 * 1 ■ 

Flags: S.Z. H.N.C. P/V 

S: set If result is negative, reset otherwise 
Z: set if result is 0. reset otherwise 
H: reset 
N: reset 

C: data from bit 7 of source register 
P/V: set if panty even; reset otherwise 


RLC (HI) 


C’hH' —o 


The contents of the memory address specified by the contents of register pair 
HL are rotated left. The content of bit 7 is copied into the Cany Flag and also 

into bit 0. 

1 1 Vo 'o Vo V 1 I 


_ . , 0 0000110 

Cycles: 4 I . . ... . . 

States: IS 

Flags: S.Z.H.N.C.P/V 

S: set if result is negative: reset otherwise 
Z: set if result is 0. reset otherwise 
H: reset 
N: reset 

C: data from bit 7 of source register 
P/V: set if parity even; reset otherwise 


RLC UX+d) U I- J 

(ix*d> 

The contents of the memory address, specified by the sum of the contents of 
the Index Register IX and a twos complement displacement integer d. are 
rotated left. The content of bit 7 is copied into the Carry Flag and also into bit 


mt z* t/jatoraoctssoR f j a | 



Cycle.: 

State.: 

f:,- 



23 

S.Z.H.N.C.P/V 

S: tet if result it negative: reset otherwise 
Z: set if result is 0; reset otherwise 
H: reset 
N: reset 

C: dau from bit 7 of source register 
P/V: set if parity even; reset otherwise 


RLCOY+d) E3 i Q J 

fiv.d) 

The contents of the memory address, specified by the sum of the contents of 
the Index Register IY and a two's complement displacement integer d, are 
routed left. The content of bit 7 is copied into the Cany Flag and also into bit 
0 . 



States: 23 


Flags: S.Z.H.N.C.P/V 

S: set if result is negative; reset otherwise 
Z: set H result is 0; reset otherwise 
H: reset 
N: reset 

C: daU from bit 7 of source register 
P/V: set if parity even; reset otherwise 



The contents of the m operand are routed left. The content of bit 7 is copied 
into the Cany Flag and the previous content of the Cany Flag is copied into 
bit 0. 


ts THE 20) KCCSOraOCsSSCC 


Copyrighted material 



RRCm 


RLr 


RL (HL> 


RL (IX+d) 



RL UY+d) 



Inttruction 
RLr 
RL(HL) 

RL <lX + d> 

RL (lY+d) 

Flap: S.Z.H.N.C.P/V 

S: k« If mull is negative. met othembe 
Z: »et If mull it 0; met otherwbe 
H: met 
N: mel 

C: dau from bit 7 of source register 
P/Vi »e« if parity even; met otherwise 

m 

The content* of the operand m are routed right. The content of bit 0 b copied 
into the Carry Flag and also into bit 7. 


RRCr 1 


0 


RRC (HL) 1 


0 


RRC (DC+d) 1 


* * 1 1 

1 0 0 1 0 i 1 

0 0 0 1 — 

I I—I—r—I—i- 

10 0 10 11 


0 0 0 1 1 1 0 

—I—I—I—I—I—1— 


10 1110 1 


2 

4 

6 

6 


Sum 

8 

15 

23 

23 






RRC (IY+d) 



Instruction 

C^cJe. 

States 

RRC r 

2 

« 

RRC (HI) 

4 

15 

RRCOX+d) 

6 

25 

RRC UY+d) 

6 

25 

Flags: S.Z.H.N. 

C.P/V 



S: sd if mull n negative; md olhrrwiK 
Z: sd if mull b 0; md otherwise 
H : md 
N: md 

C daU from bit 0 of mm register 
P/V: id if parity even: md otherwise 

RR m L OE3*0 J 

The content* of operand m are rotated right. The content of bit 0 Is copied In¬ 
to the Carry Fla*, and the previous content of the Carry Flag is copied into 
bit 7. 


RR r 


RR(HL) 


RROX+d) 
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RR (lY+d) 


SLAm 



Instruction 

C*cW, 

Sutes 

RR r 

2 

» 

RR (HU 

4 

15 

RR (IX+d) 

6 

25 

RR (IY+dJ 

6 

25 

Flags: S.Z.H.N.C.P/V 



S: Hi if muh b negative. im< otherwise 
Z: set if result is 0. reset otherwise 
H: reset 
N: reset 

C: till* from bit 0 of source register 
P/V: set if parity even; reset otherwise 




An arithmetic shift left is performed on the contents of operand m. Bit 0 is 
reset. The content of bit 7 is copied into the Carry Flag. 


SLAr 


SLA <HL) 


SLA (IX+d) 


E 

i 

_A 

0 

_A 

0 

_A 

1 

0 

I 



E 

0 

I 

0 

0 — 

a 


E 

1 

_1 

0 

1 

0 

& 

I 

_A. 

0 

1 

3 


E 

0 

1 

0 

_ . 1 

0 

1 

1 



E 

I 

0 

1 

1 

1 

0 

d 


rial 



SLAOY+d) 



Instruction 

Cides 

States 

SLAr 

2 

8 

SLA (HI) 

4 

IS 

SLA UX+d) 

6 

23 

SLA UY+d) 

6 

23 

Flags S.Z.H.N.C.P/V 



S: Kt if mull b negative; met otherwhe 
Z: i«« if mult b 0; met odtowtot 
H: met 
N: met 

C: data from bit 7 

P/V: wt if parity even; met otherwbe 

SRA m 

An arithmetic ihift right b performed on the corient! of operand m. The con¬ 
tent of bit 0 b copied into the Carry Flag, and the previous content of bit 7 b 
unchanged. 


SRA r 


SRA (HL) 


SRA (DC+d) 
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m g 


SRA (IY+d) 


SRLtn 



Instruction 

Cycles 

States 

SRA r 

2 

0 

SRA (HL) 

4 

15 

SRA (IX+d) 

6 

23 

SRA (IY+d) 

6 

23 


Flags: S.Z.H.N.C.P/V 

S: set if result Is negative. reset otherwise 
Z: Kt If mull Is 0; met otherwise 
H: reset 
N: reset 

C: data from bit 0 of source register 
P/Vi set If parity even; reset otherwise 


°*4EE3~0 

m 

The contents of operand m are shifted right. The content of bit 0 is copied in¬ 
to the Carry Flag and bit 7 is reset. 


SRLr 


SRI (HI) 



ial 


SRL (IX+d) 




SRL (IY+d) 


RID 



Instruction 

Cycles 

SU!« 

SRL r 

2 

0 

SRL (HL) 

4 

13 

SRLflX+d) 

6 

23 

SRL (IY+d) 

6 

23 

Flags: S.Z. H.N.C. P/V 



S: ««t if result is negative. rrset otherwise 
Z: set if mull is 0; reset otherwise 
H: reset 
N: reset 

C: data from bit 0 of source register 
P/V: Kt if panty to reset otherwise 



The contents of the low-order 4 bin of memory location (HU are copied into 
the high-order 4 bits of that same memory location. The previous contents of 
those high-order 4 bits are copied into the low-order 4 bits of the Ac¬ 
cumulator. and the previous contents of the low-order 4 bits of the Ac¬ 
cumulator are copied into the low-order 4 bits of the memory location (HL). 
The contents of the high-order 4 bits of the Accumulator are unaffected. 

1 ' 1 ' 1 | 0 ' i ' 1'0 ' l' 

. I O’ l‘ f O' f l' f 1 

I—i—J—i—l—i—i—l— 

S.Z.H.N.P/V 

S: set if Accumulator » negative after operation; reset otherwise 
Z: set if Accumulator is 0 after operation; reset otherwise 
H: reset 
N; reset 

P/V: set if parity of Accumulator is even after operation; reset 
otherwise 


Cycles. 

States: 

Flags: 
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The contents of the low-order 4 bits of memory location (HL) are copied into 
the low-order 4 bits of the Accumulator. The previous contents of the low- 
order 4 bits of the Accumulator are copied into the high-order 4 bits of loca¬ 
tion (HL), and the previous contents of the high-order 4 bits of (HL) are 
copied into the low-order 4 bits of (HL). The contents of the high-order 4 bits 
of the Accumulator are unaffected. 


Cycles: 

States: 

Flags: 


FZ 7 , 

0 

1 

1 


~i i- 1 

0 1 1 

0 

0 

I—1—I 
1 ] 11 



1 



S.Z.H.N.P/V 


S: set if Accumulator is negative after operation: reset otherwise 
Z: set if Accumulator a 0 after operation, reset otherwise 
H: reset 
N: reset 

P/V: set if parity of Accumulator is even alter operation; reset 
otherwise 


BIT SET, RESET AND TEST CROUP 


BIT b. r 


Z- T. 

Alter execution ol this instruction, the Z (lag in the F register will contain the 
complement of the indicated bit within the indicated register. 


—i—i—t r i -t—i— 

110 0 10 11 


Cycles: 

States: 

Flags: 


2 

8 

S, Z, H, N. P/V 


—i—i—r—i—i—i —r 
0 1 -—b—— r- 
■ 1..J-1-1-1-1- L- 


S: unknown 

Z: set il specified bit n 0. reset otherwise 
H: set 
N: reset 
P/V: unknown 


BIT b. (HL) 

Z- (HO. 

Alter the execution ol this instruction, the Z flag in the F register will contain 
the complement of the indicated bit within the contents of the HL register 
pair. 


1 ' 1 ' 0'0 ' 1'0 ' 1 ' 1 

_t _i ■ -1—i i i.i— 


Cycles: 

States: 

Flags: 


3 
12 

S.Z.H.N.P/V 


0 1 


1 ' 0 


S: unknown 

Z: set if specified bit is 0: reset otherwise 
H: set 
N: reset 
P/V: unknown 


***** M*ofliitocjs$c 4 t 75^ r j a | 



BIT b, <DC+d)_ 

Z - flX+dj, 

Alter the execution of this instruction, the Z flag in the F register will contain 
the complement of the indicated bit within the content* ol the memory loca¬ 
tion pointed to by the sum of the contents of register pair IX and the two'* 

•d. 


10 11 


T'o'o'i 

—i i i— 


Cycles: 5 
State*: 20 
Flag*: S.Z.H.N.P/V 


0 1 


S: unknown 

Z: «t if specified bit is 0; reset otherwise 
H: set 
N: reset 
P/V: unknown 


BIT b. (IY+d)_ 

z-07+3. 

After the execution of this instruction, the Z flag in the F register will contain 
the complement of the indited bit within the contents of the memory loca¬ 
tion pointed to by the sum of the content* of register pair IY and the two s 



S: unknown 

Z: set if specified bit is 0; reset otherwise 
H: set 
N: reset 
P/V: unknown 


SETb. r 

f. - 1 

Bit b (any bit. 7 thru 0) in register r is *et. 


Cycles: 2 
Stares: 8 
Flags: none 


110 0 10 11 



Xm -I-1-1-1-1-L 
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SET b, (HL) 

(HL), - 1 

Bit b in the memory location addressed by the contents of register pair HL is 

set. 


1 ' 1 — b-!—i 1 ' 1 ' 0 


Cycles: 4 
States: 15 
Flags: none 


SET b. (IX+d) 

(!X+d), - 1 

Bit b in the memory location . 
register pair and the twr— 


Cycles: 6 
States: 23 
Flags: none 


SET b, (IY+d) 

<!Y+d). - 1 

Bit b in the memory location addressed by the sum of the contents of the IY 
register pair and the two’s complement displacement integer d is set. 


Cycles: 6 
States: 23 
Flags: none 




RES b, m 


- 0 

Bit b in operand m is reset. 


RESb. r 


RES b. (HL> 


RES b. (IX+d) 


RESb. (IY+d) 


Instruction 
RESb. r 
RES b. <HL) 
RES b. «X+d> 
RES b. (IY+d> 

Flags: none 


JUMP GROUP 
JP nn 

PC — nn 

Operand nn is loaded into register pair PC (program counter) and points to 
the address of the next program instruction to be executed. 



C*d« States 

4 8 

4 15 

6 23 

6 23 
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Cycles: 

States: 

Flags: 


3 

10 

none 


JP cc, nn 

IF cc TRUE. PC - nn 

If condition cc is true, the instruction loads operand nn into register pair PC. 
and the program continues with the instruction beginning at address nn. If 
condition cc is false, the program counter is incremented as usual, and the 
program continues with the next sequential instruction. 


cc 


1 0 




Cycles: 3 
States: 10 
Flags: none 


JRc 

PC — PC+e 

This instruction provides for unconditional branching to other segments of a 
program. The value of the displacement e is added to the PC and the next in¬ 
struction is fetched from the location designated by the new contents of the 
PC. This lump is measured from the address of the instruction opcode and 
has a range of -126 to +129 bytes. 


o'o'o'i'i'o'o'o 

_i i. .i i i i * ■ 





Cycles: 3 
States: 12 
Flags: none 


TMEaoMidtorRoassoBTVjrjal 



JRCe 


If C=0. continue 
IfC-1. PC - PC+e 

This instruction provides for conditional branching to other segments of a 
program depending on the results of a test on the Carry Rag. If the flag is set, 
the value of the displacement e is added to the PC. and the next instruction is 
fetched from the location designated by the new contents of the PC. If the 
Hag is reset the next instruction is taken from the location following this in¬ 
struction. 



If the condition is met: 

Cycles: 3 
States: 12 

If the condition is not met: 

Cycles: 2 
States: 7 
Flags: none 

JRNC.e 

If C-l. continue 
U C-0. PC - PC+e 

Thh instruction provides for conditional branching to other segments of a 
program depending on the results of a test on the Carry Rag. If the flag Is 
met. the value of the displacement e b added to the PC, and the next instruc¬ 
tion b fetched from the location designed by the new contents of the PC. If 
the flag b set, the next instruction to be executed is taken from the location 
following this instruction. 



If the condition b met: 

Cycles: 3 
SUtfS: 12 

If the condition b not met: 

Cycles: 2 
States: 7 
Flags: none 


IRZ.e 

If Z-0. continue 
If 2—1. PC - PC+e 

If the Zero Flag is set. the value of the displacement e is added to the PC and 
the next instruction is fetched from the location designated by the new con¬ 
tents of the PC. If the Zero Flag b reset, the next instruction to be executed is 
taken from the location following this instruction. 
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I_l_i_I_I_I_I_L 

If the condition is met: 

Cycles: 3 
State* 12 

If the condition is not met: 

Cycles: 2 
States: 7 

Flags: none 


JR NZ. e 

If Z™1, continue 
If Z-0. PC - PC+e 

If the Zero Flag is reset, the value of the displacement e is added to the PC. 
and the next instruction is fetched from the location designated by the new 
contents of the PC. If the Zero Flag is set. the next instruction to be executed 
is taken from the location following this instruction. 

[o'o ' 1 1o' o ’o|o ‘ o 


■ **-? 

—— 

—1—1—1—1—L- 

, 1 * 1 


If the condition is met: 
Cycles: 3 
States: 12 

If the condition is not met: 
Cycles: 2 
States: 7 
Flags: none 


JP <Hl> 

PC - HL 

The PC is loaded with the contents of the HL register pair. The next instruc¬ 
tion is fetched from the location designated by the new contents of the PC. 

1 1 1 11 1 0 ! 1 1 0 1 0 1 1 1 

Cycles: 1 
States: 4 
Flags: none 


JP (LX) 


PC - IX 

The PC is loaded with the contents of the IX Register Pair. The next instruc¬ 
tion is fetched from the location designated by the new contents of the PC. 


THE^M.CHCPRO^SSOeSl ja | 



l'l'o'i'i'i'o'i 

—i —i—i—i—i—i—i— 

rrroYo'o 1 ! 

-1-1-|-1-1-1-L_ 

Cycle: 2 
Stales: 8 
Flags: none 


JPHY) 

PC - IY 

The PC is loaded with the contents of the IY Register Pair. The next instruc¬ 
tion is fetched from the location designated by the new contents of the PC. 

1111110 1 

—l—i—i—i—i—)—|— 

1110 10 0 1 
2 -L_J-t il-1—1- 

6 

none 


Cycles: 

State: 

Flags: 


DJNZ. e 


The B register is decremented, and if a non 0 value remains, the value of the 
displacement e is added to the PC. The next instruction Is fetched from the 
location designated by the new contents of the PC. II the result of decrement¬ 
ing leaves B with a 0 value, the next instruction to be executed is taken Irom 
the location following this instruction. 



i—i—i—i—i— 

1 0 ' 0 ' 0 

1 0 0 0 0 

L-- 

11111 


« | ' eY ' t | | 

If BaO: 

Cycles: 3 
States: 13 

If B-0: 

Cycles: 2 
States: 8 
Flags: none 


CALL AND RETURN CROUP 
CALL nn 

(SP-1) - PC-. (SP-2) - PC,. PC - nn 

After pushing the current contents of the PC onto the lop of the external 
memory stack, the operands nn are loaded into PC to point to the address in 
memory where the first opcode of a subroutine is to be fetched. Note: 
because this is a 3-byte instruction, the PC will have been incremented by 
three before the push is executed. 


82 IKE ZK MXKCFSCXJSSC8 
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Cycles: 

Slates: 

Flags: 


5 

17 

none 


CALL cc. nn 

If cc TRUE: (SP-ll - PC,. (SP-2) - PC., PC - nn 
II condition cc is true, this instruction pushes the current contents ol the PC 
onto the top o| the external memory stack, then loads the operands nn into 
PC to point to the address in memory where the lint opcode oi a subroutine 
b to be fetched. 


If cc is true: 
Cycles: 3 
States: 17 



If cc b false. 
Cycles: 3 
States: 10 
Flags: none 


RET 

PC, - (SP), PC, - (SP+l) 

Control it returned to the original program flow by popping the previous 
contents of the PC off the top of the external memory stack, where they were 
pushed by the CALL instruction. On the following machine cycle, the central 
processor will fetch the next program opcode from the location in memory 
now pointed to by the PC. 

- 1 — I —I—I— I —l— I — 

1 1 0 0 1 0 0 1 

Cycles: 3 
States: 10 
Flags: none 


RET cc 

If cc TRUE: PC. - (SP). PC, - (SP+l) 

If condition cc b true, control b returned to the original program flow by 
popping the previous contents of the PC off the top of the external memory 
stack where they were pushed by the CALL instruction. On the following 
machine cycle, the central processor wiU fetch the next program opcode from 



the location in memory now pointed to by the PC. If condition cc if false, the 
PC b simply incremented as usual, and the program continues with the next 
sequential instruction. 

1 'l -1—'CC— 0'0'0 

If cc b true: 

Cydes: 3 
States: 11 


If cc b false: 
Cydes: 1 
States: 5 
Flags: none 


RET1 

Return from interrupt 

This instruction b used at the end of an interrupt sen-ice routine to 

1. Restore the contents of the PC. 

2. Signal an I/O device that the interrupt routine has been completed. 

The RET1 instruction facilitates the nesting of interrupts allowing higher 
priority devices to suspend service of lower priority service routines. This In¬ 
struction also resets the IFFl and IFF2 flip-flops. 

TiVo'] Vo'il 

* j— i—i—i i i.-J 


j-1-L—J-1- L 

Cycles: 4 
States: 14 
Flags: none 


RETN 

Return from nonmaskable interrupt 

Used at the end of a service routine for a nonmaskable interrupt, the instruc¬ 
tion executes an unconditional return which functions identically to the RET 
instruction. Control b now returned to the original program flow; on the 
following machine cycle the central processor will fetch the next opcode from 
the location in memory now pointed to by the PC. Also, the state of IFF2 is 
copied back into IFFl to the state it had prior to the acceptance of the NMI. 

| 1 1 1 0 1 1 0 1 | 

0 'l 'o 'o 'o 'l 'o 'l 

Cycles: 4 
States: 14 
Flags: none 


RSTp 


M THE MICRCntCXESMR 


(SP-1) - PC-. ISP—2) - PC,. PC. - 0. PC. - P 

The current PC contents are pushed onto the external memory stack, and the 
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page zero memory location given by operand p b loaded into the PC. Pro¬ 
gram execution then begins with the opcode in the address now pointed to by 
PC. The restart instruction allows for a jump to one of 8 addresses as shown 
in the table below. The operand p b assembled into the object code using the 
corresponding t state. 

—I—I—I—I—!—i—l—I 



COH 

000 


OSH 

001 


10H 

010 


18H 

Oil 


20H 

100 


28H 

101 


30H 

no 


38H 

ill 

Cycles: 

3 


States: 

11 


Flags: 

none 



INPUT AND OUTPUT CROUP 
IN A. (n) 

A - (n) 

The operand n is placed on the bottom half of the address bus to select the 
I/O device at one of 256 possible ports. The contents of the Accumulator also 
appear on the top half of the address bus at this time. One byte from the 
selected port is then placed on the data bus and written into the Accumulator 
in the central processor. 

[l’1 'o V 1 'o V 1 





1 ■ - 


Cycles: 3 
States: 11 
Flags: none 


IN r. (C) 

r — (C) 

The contents of regbter C are placed on the bottom half of the address bus to 
select the I/O device at one of 256 possible poets. The contents of regbter B 
arc placed on the top half of the address bus at thb time. One byte from the 
selected port is then placed on the dau bus and written into register r in the 
central processor. 

|i i Vo'i Vo'il 

I—i—i—i—i—i—i—i—I 

Cycles: 3 

States: 12 

Flags: S,Z.H, N. P/V 



INI 


S: set if input data is negative; reset otherwise 
Z: set if input data is 0; reset otherwise 
H: reset 
N: reset 

P/V: set if parity is even; reset otherwise 


(HI) - (C). B - B-l. HL - HL+1 

The contents of register C are placed on the bottom half of the address bus to 
select the I/O device at one of ZS6 possible ports. Register B may be used as a 
byte counter, and its contents are placed on the top half of the address bus. 
One byte from the selected port is then placed on the data bus and written to 
the central processor. The contents of the HL register pair are then placed on 
the address bus. and the input byte b written into the corresponding location 
of memory. Finally, the byte counter b decremented, and register pair HL Is 
decremented. 


Cycles: 

States: 

Flags. 


1110 110 1 

I—i—i—i—i—l—J—1_ 

1 'o ' 1 ’o 'o T o ' 1 'o 

4 —i—i—i—i—i—i—l— 

16 

S.Z.H.N.P/V 


S unknown 

Z: set if B-1-0; reset otherwise 
H: unknown 
N: set 

P/V: unknown 


1NIR 

(HI) - (C), B - B-l. HL - HL+1 

The contents of register C are placed on the bottom hall of the address bus 
to select the I/O device at one of 256 possible ports. Register B Is used as 
a byte counter, and its contents are placed on the top hall ol the address 
bus. One byte b selected and is placed on the data bus and written into the 
central processor. The contents of the HL register pair are placed on the 
address, and the input byte b written into the corresponding memory' loca¬ 
tion. The byte counter b then decremented and the HL register pair b in¬ 
cremented. II decrementing causes B to go to 0, the instruction is ter¬ 
minated. If B b not 0. the PC b decremented by two and the Instruction 
repeated. Interrupts will be recognized alter each data transfer. 

V1' o V1 V1 
li 'o J i Vo ’o ' i 'o 

If B*0: 1 1 1 1 1 1 1 A " J 

Cycles: 5 
Slates: 21 


If B-0: 
Cycles: 
States: 
Flags: 
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4 

16 

S.Z.H.N.P/V 
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S: unknown 
Z: set 

H: unknown 
N: set 

P/V: unknown 


IND 


(HI) - (O, B - B-l, HI - HL-1 

The contents of register C axe placed on the bottom hall of the address bus 
to select the I/O device. Register B may be used as a byte counter, and its 
contents are placed on the top half of the address bus. One byte from the 
selected port is placed on the data bus and written to the central pro¬ 
cessor. The contents of the HL register pair are placed on the address 
bus. and the input byte is written into the corresponding memory location. 
Finally, the byte counter and register pair HL are decremented. 


1110 1 


0 1 


j-1-1-1- l 


Cycles: 4 
States: 16 
Flags: S.Z.H.N.P/V 


10 10 10 10 

—J—i—i—I—I—:—I— 


$ unknown 

Z: set if B-l—0; reset otherwise 
H: unknown 
N: set 

P/V: unknown 


INDR 

(HL) - (C). B - B-l. HL - HL-1 

The contents of register C are placed on the bottom half of the address bus to 
select the I /O device. Register B is used as a byte counter, and its contents are 
placed on the top half of the address bus. One byte from the selected port is 
placed on the data bus and written to the central processor. The contents of 
the HL register pair are placed on the address bus and the input byte h vrrii- 
ten Into the corresponding memory location. The HL register pair and the 
byte counter are then decremented. If decrementing causes B to go to 0. the 
instruction Is terminated, if B is not 0. the PC is decremented by 2. and the In¬ 
struction is repeated. Interrupts will be recognized after each data transfer. 

i V i ’o V i 'o' i 

1 I..I—I—l—J—I— 

u b* 0: 11; °; i; i; 1 ; °; 1 ; ° 

Cycles: 5 
States: 21 

If B—0: 

Cycles: 4 
States: 16 

Flags: S.Z.H.N.P/V 
S: unknown 
Z: set 

H: unknown 
N: set 

P/V: unknown 



OUT (it). A 

(n>- A 

The operand n is placed on the bottom half of the address bus to select the 
I/O device. The contents of the Accumulator appear on the top half of the 
address bus. Then the byte contained in the Accumulator is placed on the 
data bus and written into the selected peripheral device. 

rroVo'oVi 

—i—i—i—i—i—i—i— 

—i—i—i—i—i—i i 

■ - n - ■ ■ 

i : : i _i. i i 

Cycles: 3 
States: 11 
Flags: none 


OUT (C). r 

(O-r 

The contents of register C are placed on the bottom half of the address bus to 
select the I/O device. The contents of register B are placed on the top half of 
the address bus. The byte contained in register i is placed on the data bus and 
written into the selected peripheral device. 

mVoViVi 

—j— i—i—i—i—i—i— 

—i—r—i—i—i—i—r— 

0 1— r— 0 0 1 

—i—i—i—i—i—i—i— 

Cycles: 3 
States: 12 
Flags: none 


oun 

(C) - (HU B - B-l. HL - HL + 1 

The contents of the HL register pair are placed on the address bus to select a 
location in memory. The byte contained in this memory location is tem¬ 
porarily stored in the central processor. After the byte counter <B) is 
decremented, the contents of register C are placed on the bottom half of the 
address bus to select the I/O device. Register B may be used as a byte 
counter, and its dec r e m ented value is placed on the top half of the address 
bus. The byte to be output is placed on the data bus and written into the 
selected peripheral device. Finally, the register pair HL is incremented. 

| 1 | 1 ' 1 |0 ' 1 ' 1|0 |7 

1'0 V 0 ' 0'0 ' 1 ‘ 1 

—i— i i i i i—i— 

Cycles: 4 
States: 16 

Flags: S.Z.H.N.P/V 

S: unknown 

Z: set if B-1-0; reset otherwise 
H: unknown 
N: set 

P/V: unknown 
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<C> - (HU B - B-l. HL - HL+1 

The conlenls of the HL register pair are placed on the address bus to select a 
location in memory. The byte contained in this memory location b tem¬ 
porarily stored in the central processor. After the byte counter (B) b 
decremented, the contents of register C are placed on the bottom half of the 
address bus to select the I/O device. Register B may be used as a byte 
counter, and its decremented value b placed on the top half of the address 
bus at thb time. The byte to be output b placed on the data bus and written 
into the selected peripheral device. Then register pair HL b incremented. If 
the decremented B register b not 0. the PC b decremented by two and the in¬ 
struction is repeated. If B bO. the instruction b terminated. Interrupts will be 
recognized after each data transfer. 

* I I * » t I | 

11 v k >:» 

IfB-O: 

Cycles. 5 
States: 21 


If B-0: 

Cycles: 4 
States: 16 

Flags: S. Z, H, N, P/V 

S: unknown 
Z: set 

H: unknown 
N: set 

P/V: unknown 


(Cl - (HLI. B - B-l. HL - HL-1 

The contents of the HL register pair are placed on the address bus to select a 
location in memory. The byte contained in thb memory location b tem¬ 
porarily stored in the central processor. Then, after the byte counter (B) b 
decremented, the contents of register C are placed on the bottom half of the 
address bus to select the I/O device. Register B may be used as a byte 
counter, and its decremented value b placed on the top half of the address 
bus. The byte to be output b placed on the data bus written into the selected 
peripheral device. Finally, the register pair HL b decremented. 


7 T 

—i— 


0 110 

—I—I—I— 


Cycles: 

States; 

Flags: 


1 0 1 0 l 0 1 1 


4 
16 

S.Z.H. N.P/V 


S: unknown 

Z: set if B-1-0; reset otherwise 

H: unknown 
N: set 

P/V: unknown 



(C) - (HL). B - B-l. HL - HL-1 

The contents of the HL register pair are placed on the address bus lo select a 
location in memory. The byte contained in this memory location is tem¬ 
porarily stored in central processors. Then, after the byte counter (B) is 
decremented, the content* of register C are placed on the bottom half of the 
address bus to select the I/O device. Register B may be used as a byte 
counter, and its decremented value is placed on the top half of the address 
bus. The byte to be output is then placed on the data bus and written into the 
selected peripheral device. Register pair HL is then decremented. If the 
decremented B register is not 0. the PC is decremented by 2. and the instruc¬ 
tion is repeated. U register B is 0. then the Instruction is terminated. Inter¬ 
rupts will be recognized after each data transfer. 

| 11 I ' 01 1' 1' 0| 1 

177777777 

i—i—i—i—i—i—i—i—i 

UB*0: 

Cycles: 5 
States: 21 

U B-0. 

Cycles: 4 
States: 16 

Flags: S.Z.H.N.P/V 
S: unknown 
Z: set 

H: unknown 
N: set 

P/V: unknown 
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CHAPTER 4 
BUILD YOUR OWN 
COMPUTER-Start With 
the Basics 


The computer to be built from the design described in thb book is caned ZAP. for 
Z80 Applications Processor. Building a computer from scratch a both educational and 
utilitarian (and it saves money). I explain each section of the construction process in 
detail. Ideally, each step should be tested before proceeding on to the nest stage. WhUe 
this is not possible in all cases, there is a beneficial side effect in taking this route. Often 
good designs fail to work because the level of construction is beyond the ability of the 
builder. 

I've made the assumption that most hobbyists do not possess sophisticated test 
equipment, such as oscilloscopes or logic analyzers, and as a result. I've kept testing 
procedures as simple as possible. By dividing ZAP into logical milestones for checkout 
and test (and using proven components), problems can be identified at earlier stages 
and rectified more easily. 

The Initial implementation of ZAP will constitute a minimum operable configura¬ 
tion. It is Important that thb works before you attempt to add any of the optional pe¬ 
ripherals. Every effort will be made to familiarize ihe reader with the components of 
each section and the philosophy of design. While it is necessary to assemble all the 
components ol this minimum configuration completely in order to check proper central 
processor operation, comprehensive subassembly pretesting should (1 hope) coned 
any wiring errors. 

The basic ZAP is divided into four major subassemblies Z90 busing and control, 
memory and I/O chip select decoding, memory, and input/out put registers. These 
major divisions are further divided at the component level. Schematics include a com¬ 
plete explanation of their logical function, and lest procedures are outlined after each 
construction presentation. 


The Processor 

Figure 4.1 is a detailed block diagram of the basic ZAP computer. 

I. Z80 Busing and Control Logic 
A. Clock Generation 

The ZAP computer runs on a 2.5 MHz TTL dock. Unlike the 8080A. the 
Z80 requires only a single-phase dock and can be driven from DC to 
2.5 MHz (the Z80A runs to 4 MHz). Figure 4.2 illustrates the basic timing 
cycle of the computer. • 

Each basic operation (M«) of the computer b completed in three or six 
clock periods. Figure 4.2 shows a typical instruction cycle which consists of 
three machine cydes: fetch, memory read, and memory write. After the op¬ 
code of the instruction is fetched during Ml. the subsequent cydes move the 
data between memory and the central processor. 

Figures 4.3a and 4.3b illustrate two possible dock designs for the Z50. Both 
clock circuits have a 330 ohm pull-up to +5 V. Thb will satisfy both the AC 
and DC clock signal requirements, but it b best to use a separate inverter gate 



section to drive the pull-up whatever the oscillation technique. 

The crystal controlled circuit of figure 4.3a is preferred if consistent execu¬ 
tion lime is to be maintained. Thus, the circuit of figure 4.3b, though other¬ 
wise acceptable, should be avoided if the computer a to be used as an event 
timer. It can serve a very useful purpose in the development stages, however, 
by allowing the user to slow the clock down (by increasing the values of R 
and C) to a rate where it is possible to directly monitor the central processor 
operation. Should it ever be necessary to single-step the dock, the dreuit in 
figure 4.4 should be used. Given the multiple clock cycles necessary to ex¬ 
ecute a single instruction, it would take a lot of button pushes to follow a pro¬ 
gram through execution. 

A much easier diagnostic method would be to use an instruction single- 
stepping dreuit. The dreuit, shown in figure 4.5. is not part of the finished 
schematic of ZAP because it is necessary only if the builder has a problem 
and needs to follow the execution of a program instruction by instruction. 

This single-stepping function is accomplished by using the control signals 
generated by t he Z0 0 du ring program execution. The t wo parti cular signals 
of concern are Ml an d WA lT. Ml is an output, and WAIT Is an input. 

As shown in figure 4.6 . Ml goes to a logic 0 level at the beginning ol every 
instruction fetch cycle. Ml signifies that the computer has completed one in¬ 
struction and b starting on the next. The objective b to stop the microproces¬ 
sor be fore it e xecutes thb next instruction. 

The WAIT input to the Z0O does just that. A logic 0 level applied to thb in¬ 
put will suspend the program execution of the computer and Indefi nitely hold 
it in the W cycle. During T,. the central processor samples the WA IT In¬ 
put line with the trailing edge of the dock. If, at thb time, WAIT b at a 
logic 0 level, an additional wait state will be entered, and the lin e will be 
sampled again. The central processor will hang In thb mode until WATT is 
raised to a logk 1. It should be noted that this b not a computer halt com¬ 
mand. 

The real purpose behind these signals b to allow the relatively slow mem¬ 
ory and peripherals to be used with a very fast central processor. Extra wait 
states should be inserted only when necessary for the central processor to ac¬ 
cess these devices. The effect b to synchronize the timing between the central 
processor and its I/O devices. The circuit of figure 4.5 allows us to control 
the WAIT state and to execute only one Ins truction with each press of the 
button. The output at 1C 1, pin 0 (the WAIT input) b normally low. causing 
an indefinite wait. When the button b pushed, a single debounced pulse 
docks 1C 2. which b a D-type dip-flop. The duration of thb pulse (the time 
you hold the button down) b irrelevant, because the flip-flop b edge trig¬ 
gered and b only c oncerne d with the leading edge. Pressing the button sets 
IC 2 and raises the WAIT line. No longer told to wait, the central processor 
executes the instructio n at f ull dock speed. As it b about to start the next in¬ 
struction fetch cycle. Ml goo low as before, and triggers the one-shot. 
When it fires. IC 3 resets 1C 2 and returns the central processor to a wait con¬ 
dition until the next time the button b pushed. 

The single-step feature isn't of much use in a computer unless there b some 
way to monitor the contents of all the registers and to determine what the 
computer b trying to do at any one time. To accomplish thb. ZAP must be 
completely operational and be running a breakpoint-monitor program which 
allows the user to single-step with a software routine. We ll discuss such pro¬ 
grams later. 

Thb fact b of scull consolation to a person with a partially debugged com¬ 
puter or hardware error that keeps side-tracking large programs. While it 
would be nice to see all the register contents, it b virtually impossible to do so 
without having a central processor that can run a dump and display routine. 

This cannot be done using the hardware stepping dreuit of figure 4.5. It is 
possible, however, to look at the contents of the address and data buses while 
the central processor b stopped. Thb should give a good indication as to 
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whether the computer is operating properly. 

Many instruments can be used to read the TTL levels on the buses. A scope 
or high-impedance voltmeter can be used, but a visible display of the bus 
contents is a better idea. The circuits in figure 4.7 show simple methods to 
display the contents of the address and data buses. The circuits are included 
as aids and are not necessary for the operation of ZAP. 

Basically, the circuit of figure 4.7a b a simple LED driver that b duplicated 
16 times for the address bus and 8 times for the data bus. Because the ZSO 
should drive only one TTL load from each output pin (bus driver inputs are 
already attached), any display drivers of this type must be attached on the 
output side of the bus drivers. This circuit will serve as a rudimentary front 
panel for any builders who feel a computer isn't complete without flashing 
lights. 

Sometimes the need arises to monitor a single point in a circuit and watch 
for level changes. While the LED driver cf figure 4.7a would detect a slowly 
changing level, it would mbs short pulses such as Ml. To monitor the occur¬ 
rence of such events, especially if no oscilloscope b available for testing pur¬ 
poses, it b advisable to build the circuit in figure 4.7b. This simple logic 
probe is adequate for most applications, but care must be taken in its uie. It 
cannot detect an open circuit and the pulse detector only triggers on the 
negative edge of any transition. Should that present any problems, add the 
optional circuit using the 7486. that will allow it to detect either edge. 

The logic probe or similar logic level detector (scope, DVM, VOM, etc.) b 
necessary to statically test the subassemblies. 



Figure 4.1 A block 0-agram of a minimum ZAP syston 



Figure 4.2 An exampte of fimvrg cJOnhg a ty&ca! tmtruction cycle. 
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B. Reset Circuit 


Often ignored, the reset function is one of the most necessary controls of a 
computer. Its importance is immediately recognized when running an incor¬ 
rectly executing program. The reset command on the Z80 stops execution and 
loads the program counter with CO hexadecimal (the lowest memory 
address). This allows the programmer to restart the program. When com¬ 
bined with the instruction Single-stepping circuit previously outlined, pro¬ 
grams may be started, stopped, and started again at any time. 

A reset input can be manual, automatic, or a combination of both. Figure 
4.8a is a standard push-to-reset circuit. Us output is normally high until the 
button is pushed, and then it goes low. The 280 will remain reset for as long 
as the button is held and will only begin to execute again when released. 
Manual reset is a necessity for initial program checkout, and this circuit is 
employed in the basic ZAP. 

When computers are used in applications where no human attendant Is 
present, such as a traffic light controller, the manual reset cannot be used; an 
automatic reset must be employed instead. Figure 4 8b is the circuit of a total¬ 
ly automatic power-on reset. When power is first applied to the computer, 
the 10 mF capacitor will be completely discharged. The resultant logic 0 level 
on the input of the 7404 pin 1 will be maintained for approximately 50 ms, 
long after the +5 V supply has powered up the rest of the computer. The 
long charging rate of the capacitor mil, in turn, grnerate a logic 0 (a reset 
condition) to the computer until the input level rises to approximately 2 V (a 
TTL logic 1). Once full power is applied, the time it takes the reset dreuit to 
reach 2 V will constitute about a 35 ms power-on Reset pulse. Resetting the 
machine would require turning the power off. 

Manual and automatic reset are combined in figure 4.9. This circuit allows 
the computer to start program execution immediately after power n turned 
on. The program can be stopped and restarted by pressing the reset button. 
Slightly different components and additional functions are included in this 
diagram. Schmltt-triggered inverters (7414s) increase the reliability of the de¬ 
sign. When the power is turned off. the use of a diode to discharge the capaci¬ 
tor quickly assures that a pulse mil be generated if power b suddenly reap¬ 
plied. Because power line glitches are usually short in duration, the discharge 
rate of the capacitor has to be fast enough not to mbs generating a reset pulse 
once power b restored. 

While this reset circuit b not necessary for initial computer check-out. it 
should eventually be employed if ZAP b to be expanded to include any of the 
options outlined later. To synchronize the central processor and peripherals, 
they should be tied into the reset signal from tfus circuit. 
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Figure 4.9 A or curt fo comeme manual ana automatic reset functions 


C- Address But and Control Output Buffering 

The Z80 hat the ability to (family address 65.536 (often called 64 Kl indi¬ 
vidual byte* of program memory and 256 individual input and output port*. 
Because the microprocessor n a binary device, it is only natural that this ad¬ 
dress be binary. There are 16 binary address lines labeled AO thru A15. AO is 
the LSB (least significant bit), and A15 it thr MSB (most significant bit). 

The logic levels on Out bus are not arbitrary. The control section of the 
central processor sets the program counter to the next instruction to be ex¬ 
ecuted. and on the letch cycle, it place* the program counter content* on the 
address bus. During I O instructions, additional liming cycles place the I/O 
device address on the 8 least significant bits (AO thru A7). Because this bus 
ha* to drive the inputs of many parallel device*, all of which draw some Input 
power, the address bus must have an output current that will meet the load 
demand. The Z80 by itiell can sink 1.8 mA maximum or one TTL load on 
each pm This is no problem if the designer use* low power memories and pe¬ 
ripheral interface chips These are expensive device*, and their use would not 
necessarily serve to educate the builder in the same way as configuration* of 
less complex circuit*. 

Using lower density 1C* and TTl devices for decoding function* it less ex¬ 
pensive but requires considerably more power from the bus. The following 
table lots the input loading of various devices: 

Pom Kqnlsm-iprat nurcnl 

Standard TTL (7401.7442. etc) 1.6 mA 

Low-power Schottky TTL (74LS04.etc) 0.18 mA 

2708 (lKx8 EPROM) 10 pA 

2114 (1KX4 programmable memory) 10 pA 

2716 (2K x 8 EPROM) 10 pA 

2102 (IK X1 programmable memory) 10 pA 

8212 (8-bit latch) 0.25 mA 

8T97 (6-bit driver) 1.0 mA 


It is easy to s ee tha t the real power eaters are TTL devices. Low- power 
Schottky TTL (LSTTl) devices can be substituted throughout the ZAP com¬ 
puter. They save power at slightly’ additional cost, but the circuit has suffi¬ 
cient power to support straight TTL. If LSTTL is substituted, it must be sub¬ 
stituted throughout. 

The loading caused by memory, especially with only 2 K by tes in the basic 
ZAP unit, ts insignificant. With 1.8 mA drive current available from the Z80. 
we could use LSTTL for the I/O and memory address decoding but would 
have to limit the fanout (total input connections) on each address line to 9 
LSTTL inputs. This is sufficient for the basic ZAP and would probably be an 
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acceptable procedure, but it is not recommended. 

The first time a user attaches the logic probe (figure 4.7b) to an unbuffered 
address line, the computer may die. The load presented by the probe, as well 
as by the other circuitry, will exceed the drive capability of the bus. It's im¬ 
portant that the monitoring devices not impede circuit operation. 

Rather than try to optimue the design to a degree that forces the user to be 
aware of every <.A (microampere) consumed by test probes and LED drivers, 
its easier to add buffering that increases the bus output power to a point 
where loading is not an important factor. This is the philosophy behind ZAP 
busing, and as a side benefit, it will provide enough power to expand ZAP to 
64 K should the user ever desire to do so. It also allows the user to add his 
own TIL circuitry without becoming overly concerned with bus loading. 

To achieve high power output from the address bus. a buffering device 
(called a non-inverting bus driver) b used. The AO thru A15 outputs of the 
Z80 make only one connection: to the drivers' input. AH other devices that 
use the address are attached to the output of the drivers. 

Figure 4.10 b the diagram and truth table of the 6797 bus driver. (An 
equivalent bus driver is the 74367.) This three-state device b capable of sink¬ 
ing 48 mA and can accommodate any combination of TTL. LSTTL. and 
memory connections a user would want to make. The final address bus con¬ 
figuration b shown in figure 4.11. 

The three-state function of the 8T97 b controlled by the BUSAK signal. 
This signal turns over control of the address bus to an exter nal device dunng 
direct memory access operations. In a non-DMA situation. BIj!>AK » high 
and the 8T9 7 passes a ll outputs from the Z80. When a DMA request b ac¬ 
knowledged. BUSAK goes low. putting the 8T97 in a high impedance output 
mode. This facility allows memory to be written into or read by an external 
device and b usually reserved foe high-speed operations that are faster than 
the central processor can achieve. 
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D. Data and Control Bus 

The fourth and last area of direct central processor connections is the data 
bus and the remaining lines of the control bus. The reason for buffering the 
data bus b similar to the argument for the address bus with one exception— 
the data bus b bi-directional. 

A bi-directional bus means, of course, that data flows in both directions. 
When the Z80 b writing a byte of data Into a memory location, the data 
flows from the central processor to memory. When the central processor b 
reading a memory byte, data flows from memory to the central processor. 
The bi-directional nature of the daU bus requires that the but drivers be 
either bi-directional internally, or attached in such a way that the same func¬ 
tion b performed. 

One way of making thb bi-directional driver b to use two 8212s. The 8212 
(figure 4.12) was originally conceived and produced by Intel as an 8-bit 
latched input or output port. The 8212 can be latched continuously so that 
data flows through it, or it can be turned off to block the flow. It b well 
suited to thb application because it has a three-state output. 

Two 8212s (figure 4.13) are wired in opposite directions. IC 6 directs data 
from the central processor toward memory, while 1C 7 channels data into the 
Z80. Control b exercised through a single line connected to the RD control 
signal of the central processor. RD b normally low except during write oper¬ 
ations. This causes 1C 6 to be off. in a three-state mode, and IC 7 on. which 
allows data from memory or I/O devices to reach the central processor. 
When RD goes high during a write operation, the process is reversed; 1C 6 
turns on and IC 7 turns off. It it only necessary to use the RD line to control 
data direction. We're assuming, of course, that when the central processor 
isn't writing data, it must be reading it. While not exactly true, the concept 
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work* well enough in practice, and the two 8212 * are connected schemati¬ 
cally as in figure 4.14. 

It is not absolutely necessary to use 8212s to perform this function. Either 
8T97s or 74367s work equally well but take 41C packages. If you don't mind 
the extra wiring and have a source for 8T97*. they can be wired as illustrated 
in figure 4.15. 

The final connections to the central processor to be discussed are the con¬ 
trol bus signals, shown in figure 4.16. They coordinate peripherals and chan¬ 
nel data and addresses into and out of the central processor at the proper 
limes. Each was briefly explained on the ZOO pinout. Exact timing will be 
detailed when we discuss attachments of memory. I/O. and enhancements to 
ZAP. For the time being, unused control inputs are tied high (through 
resistors) to inhibit false triggering. 

The output lines are buffered for the same reasons as was the address bus. 
Furthermore, because this b a development computer, with expansion in 
mind, both the inverted and no run verted control signals are brought out to 
the user. 

The areas discussed thus far are combined into a single diagram (figure 
4.17) called the Z50 bus and control diagram. 


ent 

lOCIC ff/ABAAU 


• 0 *C!« 

»TJ ST.C« 

oTi Otitct SCUC’l 
DU ocncc inter i 
mr iiriMin 
cT» ci«a 


BCED103 OWN COMFUTSR101 ja| 


Figure 4.12 The pirojl and logic diagram ol the 
8212 8 M Input/outout corf. 












Figure 4.14 A xfierrmBc tfagran of fno 8212 8 St &ctm confffuretf as bWUKttonal data bus 
Onvecs. 


ID BUILD VCCR OWN COMPUTER 


Copyrighted material 
















































E. Testing 

Insert all ICs except the 280 and turn on the power. Each section is then in¬ 
dividually tested as follows: 

Clock - Testing the 2.5 MHz dock erf figure 4.3a will require an oscilloscope 
or frequency counter to register the exact dock rate. Using the logic 
probe from figure 4.7b to monitor this dock rate would light all three 
LEDs. This indicates that the dock functions, but it will not indicate the 
rate. A similar test can be performed on figure 4.3b. 

Single Cycle - The logic probe (without the addition erf the 7486 edge 
detector) is perfect for checking the single-cycle circuit of figure 4.4. 
With the probe on section C pin 8. the indication should be low. Press¬ 
ing and holding the button down should change the indication to a high 
level and cause the "pulse" LED to flash once. Releasing the button 
should not flash the pulse indicator as it returns to its initial logic condi¬ 
tion. 

Single Step - With the switch in the single-step mode position (figure 4.5), 
take a dip lead and momentarily ground IC 3. pin 3. The output at 
1C 1. pin 8 should be low. Pressing the single-step button will cause this 
output to go high. It will stay high until IC 3, pin 3 is momentarily 
grounded again. Check out the pushbutton debouncing circuit (which 
consists of IC 1 lections a and b) in the same manner as you did the 
single-cycle teit. Finally, with the switch on the run mode. IC 1, pin 8 
should always be high. 

Power-on Reset - The circuits of figures 4 8a and 4 8b should have a nor¬ 
mally high output. When power is first applied to figure 4.6b, or the 
button pressed in figure 4.8a. the output should go low. Either situation 
will cause a logic low level to occur from the circuit of figure 4.9. 

Address Bus Drivers - The ZSO should not be inserted! With IC 9, pin 5 
grounded, all outputs of ICs 3, 4. and 5 on schematic figure 4.IX should 
appear high. In actuality, this will be the three-state output mode and 
the proper test equipment will register them as open circuits. Tying 
IC 9, pin 5 to +5 V through a 2.2 K resistor will turn on all the bus 
drivers. Their outputs will all be logic high levels. Successively ground¬ 
ing the AO thru A15 lines at the ZtO connector should result in a low- 
level indication on the respective buffered output line. When all 16 lines 
can do this successfully, the address bus checks out. 

Bi-directional Data Bus - The data bus is tested in a similar manner except 
that the procedure is done twice—for data flow in either direction. 
Grounding IC 8, pin 1 (figure 4.14) simulates a read condition. Data 
should flow from right to left. Applying ground and +5 V (through a 
2.2 K resistor) alternately to the data input pins of IC 6 should produce 
similar levels on DOl thru DOS of IC 6. Raising IC 8. pin 1 to +5 V 
allows similar data transfer, but only from left to right this time. 

Control Bus — Referring to the schematic of figure 4.16. testing is simply a 
case of applying a known logic level to the input side of the series in¬ 
verters and noting the output levels one gate at a time. For example, if 
Z80 pin 19 was a logic low. IC 9. pin 2 would be a logic high and con¬ 
versely. IC 9. pin 4 would be low. Each inverter section which the 
signal passes through inverts the signal. 

II. Memory and I/O Decoding 


Before we can utilize the memory or I'O devices we must learn how the Z50 address¬ 
ing works. Remember, the address FF hexadecimal could refer to memory, or an input 
or an output port. The computer must have the ability to di ff erentiate among the three 



possible meanings. 

The control outputs of the Z50 contain the necessary routing information, and by 
properly gating them together, the correct signals are obtained. For ba sic I/O and mem- 

* operations, the four signals of particular interest are MREQ, TORO. RD and 
Their definitions are as follows.- 


A. MREQ 

Memory Request. Whenever a transaction occurs between the central proces¬ 
sor and memory, the MREQ line goes to a logic 0. 

B. K5RQ 

Input/Output Request. Whenever a transaction occurs betwee n the central 
processor and either an input port or an output port, the IORQ line goes to a 

logic 0 . 

C. TfB 

Read Request. Whenever the centra l processor reads input data from cither 
memory or an input port, the RD line goes to a logic 0. 

D. WK 

Write Request. Whenever the centr al processor is writing data to cither mem¬ 
ory or to an output port, the WR line goes to a logic 0. 


To differentiate between input and output ports during I/O instructions, IORQ. 
RD. and WR are gated together as shown in figure 4.10. In a similar manner. Mk'EQ, 
RD and WR are gated during memory transfers as shown in figure 4.19. Unlike the 
I/O decoding, but similar to the address bus driver discussed earlier, a memory-read 
condition does not have to be decoded It is assumed that when the memory is not in a 
write mode, it b In the read state. 

The resulting three decode d strobes define the operations of Input Port Read (IORD), 
Output Port Write (lOW'ft). and Memory Write (MEMWR). If only three functions 
were required In your particular computer configuration, then no other decoding 
would be necessary. Such a computer would have one input port, one output port, and 
one bank of memory. To alleviate thb problem, additional decoding of I/O and 
memory is necessary so that these control strobes can serve more than a single device. 
With the extra circuitry, the Z0O can independently address 256 input and output poits 
and 64 K bytes of memory. 

During an I/O request (either input or output), the 5-bit binary address of the par¬ 
ticular I/O port appears on lines AO thru A7 of the address bus. An explanation of ad¬ 
dress coding b shown in figure 4.20. Additional examples are illustrated in figure 4.21. 

Using this information, if an instruction were to designate output port 7 as its 
destination, then the circuitry of figure 4.22 could be used. When a code of 007 octal 
(07 hexadecimal or 00000111 binary! appears on the address lino with an TOWK 
strobe, the signals present on the data bus would be stored in an 5-bit register as output 
data. 
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I/O Decoding 

Of course, ZAP needs more than 1 port, even as a bask sysiem. In fact, if it is ex¬ 
panded lo include some of (he optional peripherals, it will require 6 or 0 ports. 
Decoding these additional ports need not require 8 separate circuits like figures 4.20 or 
4.21. By incorporating a 4 lo 10 line demultiplexer into the design. 8 port strobes can be 
derived. The circuit of figure 4.23 can be used for either input or output port decoding 
(by selecting W5 or WR) and is addressed for 000 octal to 007 octal. It works by select¬ 
ing either of the two unconnected outputs (1C 3. pin 9 or 10) when an undrcodable ad¬ 
dress is presented on the address bus. A3 thru A7 still must be treated in the same man¬ 
ner as that presented in figure 4.20. but A0 thru A2 serve as the 7442 address inputs. 
These 3 bits will designate 1 of 8 possible lines when 1C l's output goes low. 

Duplicating this circuit to provide 8 separate input and output stobes (addressed COO 
thru 007) would require a total of 7 chips. The number of chips can be reduced to 3 if 
we take a little poetic license with the design. So far. we hare decoded all 8 bits of the 
I/O portion of the address bus. making our decoder select 1 of 256 or. as in the 
previous circuit. 8 of 256. In either case, only the designated addresses are of any im¬ 
portance; all others are meaningless. For all practical purposes we could decode lines 
A0 thru A2 and ignore the rest. A circuit that does just that is shown in figure 4.24. 

The difference between this circuit and those previously described, besides having 
fewer chips, is that this one requires an intelligent user to recognize the advantages and 
disadvantages of taking such liberties. As in figure 4.23, this circuit decodes ports 000 
octal thru 007 octal. What the user should realize, however, is that it also decodes 010 
thru 017 and 020 thru 027. etc. The 3 LSB (least significant bits) repeat every 8 ad- 
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drates. This ij not a problem as long as the user is aware of repetitive addressing and 
watches his programming. Should more than 8 stobes be required, the 7442 can be re¬ 
placed with a 741S4 (4 to 16 decoders). This will give 16 I/O port strobes that repeat 
every 16 addresses. 
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Memory Decoding 


Decoding the memory address bus is accomplished in a similar manner. It is inadvis¬ 
able to take the same tack and allow repetitive memory addressing because there is 
more likelihood of error Even though 16 lines are involved, in actual application, 
memory decoding turns out to be less complicated. ZAP uses 1 K X 8-bit banks of 
programmable memory and 1 K-byte erasable read-only memory. Both of these de¬ 
vices require 10 address lines to define the 1 of 1024 locations in each bank. This leaves 
only 6 lines that have to be individually decoded to define any 1 K block of memory. 
Figure 4.25 illustrates how this can be accomplished. A 7442 <4- to 10-line decoder) is 
used to grnrratr 8 separate chip-select lines. Because the address lines of the 7442 are 
tied to A10 thru A12. each strobe pulse will have a boundary of 1 K. It is not by chance 
that 1 K X 8 was chosen as the memory capacity of each bank. 
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Figure 4.25 Memory Dar* dec dry tor BKol memory 


While the basic configuration of ZAP provides decoding for 8 K of memory and 8 in¬ 
put and output ports, not all of these chip selects and port strobes are used. The extra 
lines are left for expansion, figure 4.26 is a completed schematic of the I/O and mem¬ 
ory decoder for the builder to add to the circuit in figure 4.17. 
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Testing 

After you have added the components of figure 4-26 to figure 4.17. you are ready to 
test the memory and I/O decoding. Insert ICs 10.11.12.13. and 14. but don't insert 
IC 20 yet. ICs 1, 3, and 9 should remain inserted from the previous test. The 280 
should still be left out. The logic level at the D address input of each of the 7442s (ICs 
12,13. and 14) should be high. Pulling out ICs 8 and 9 (with power off) will cause this 
input to immediately change to a logic low level. 

Neat, ground pins 30. 31. and 32 and tie 23 high on the Z80 socket. With the address 
bus buffers enabled, and a 003 address Jumpered on A0 thru A2. a chip-select low 
should appear on the lowest strobe address. In this case, pin 1 of ICs 13 and 14 should 
be low and the other strobe lines high. Changing the 3 jumpers on A0 thru A2 will 
enable other device chip-select strobes. The memory bank decoder works the same way 
except that the jumpering should be applied to address lines A10 thru A12. 

After testing, insert all chips except the Z60. 
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01. Memory 


Of course, a major consideration for any computer system is memory. Both program 
instructions and data must be stored and recalled at the appropriate time so the com¬ 
puter can perform it* function. Even though the 280 central processor has a quantity of 
8-bit storage register*, these can be only used for temporary manipulation of data and 
cannot store program instructions. Program instructions must be stored in external 
memory elements. 

The external memory may be divided into two broad classes: ROM (read-only mem¬ 
ory) and RWM (read/write memory). ROM U used to More specific, unchanging pro¬ 
gram steps or data. The contents of these memory locations are considered permanent 
and cannot be easily changed. Read/write memory, on the other hand, is used to store 
data that changes while the computer is operating. Examples would be the results of 
calculation* or programs that change frequently. For either type of memory, the 
ultimate function is still the same: to provide, on demand, either an instruction lor ex¬ 
ecution or a location where data may be stored. 

Read-Only Memory 

ROM (read-only memory) b an important part of the computer system. ROM func¬ 
tions as a memory array whoie contents, once set by special programming techniques, 
cannot be altered by the central processor. There are few exceptions to this rule. 

By its nature. ROM b non-volatile. When power b turned off. the program contents 
are not lost. Reapplkation of power allows immediate program execution. 

Within this basic category of ROMs there are three subcategorics - ROM, PROM, 
and EPROM — which are defined more by usage and application than their names 
might imply. 

ROM - Read-Only Memory 

This b storage which can be written into only once. The Information b fixed and 
cannot be changed. A ROM is usually mask programmed by the manufacturer 
and b bought with a preset bit pattern. These types of ROMs are considered to be 
custom programmed. 

PROM — (liter) Programmable Read-Only Memory 

Thb storage can also be written into only once and the information is fixed. 

These devices are typically bipolar fusable link PROMs, which arc programmed 
by the user rather than the manufacturer. ROMs and PROMs do not generally 
use the same semiconductor construction technology. Storage is much denser on 
a ROM than on a PROM, and cost-per-bit b generally lower on a ROM. 

EPROM — Erasable-Programmable Read-Only Memory 
This device combines the best parts of a ROM and a PROM. When received from 
a manufacturer, all storage locations are unprogrammed. Using a special inter¬ 
face. the EPROM can be programmed by the user as a PROM would be, with the 
result utilized as a ROM. If the EPROM content must be changed, it can be erased 
and reprogrammed. Depending upon the particular device, an EPROM can be 
either electronically alterable (often differentiated by the separate abbreviation 
EAROM) or ultraviolet erasable. The latter b sometimes called a UVEPROM. but 
b more often just called an EPROM. They are easily recognizable because they 
have a quartz window over the integrated circuit. Thb window b transparent to 
ultraviolet light and facilitates erasure. 

While there can be considerable discussion as to the merits of each option, all ROMs 
perform the same ultimate function. For each independently addressable location, 
there b specific stored-bit pattern. Only the processor can determine whether this is 
data or an instruction. The method of storage b the same in either case. Figure 4.27 
details the block diagram of a ROM. 

A ROM b simply a logical block which, under program control, provides a preset 
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pattern. Figure 4.28 is a 3-bit read-only memory. When switch SW1 is closed (the posi¬ 
tion it would take when the central processor wanted the stored information), the 3-bit 
code of "10r would appear at the outputs. The diode grounds the input signals to the 
7404 inverters when SWl is closed. Expanding to more than 3 bits is simply a matter of 
adding more diodes, resistors and buffer stages. Such a circuit a referred to as a diode- 
matrix ROM and in this case would be a 1-lme by n-bil ROM. 

A 3-bit memory is not much use. This concept can easily be expanded to 16 bytes by 
adding an address decoder as diagrammed in figure 4.29. A completed schematic with 
the diodes specifically arranged to perform a simple 9-byte program is illustrated in 
figure 4.30. This short test program will be used later during the checkout phase. 

The diode-matrix ROM is presented for its educational value only. This is not a 
method that should be employed in the ZAP computer. Realizing that there are inte¬ 
grated circuits that would successfully fulfill the requirement* in each of three 
categories, we must analyze our needs a little more closefy. 

The pertinent questions are: memory size, and the cost and ease of programming. 
The size of a ROM is determined by the user. When power is first applied, how much 
effort does the user want to expend to make the computer execute a specific program! 
ZAP has no front panel and no banks of address and data switches to toggle in instruc¬ 
tions. This being the case, ZAP must have a program that executes immediately (when 
power is applied or the reset button is pushed), and that allows the central processor to 
communicate with its peripherals and set irself in a mode that is directly programmable 
through these devices. Once power is applied, a simple SO- to 100-byte program can be 
written, which facilitates keyboard to memory loading. But perhaps we need to enter a 
large program In memory! Are we to enter it all through the keyboard! 

High-speed data entry can be accommodated through a serial interface. This can be 
added at the expense of another 100 or 200 bytes. Another consideration is the necessi¬ 
ty for some operator address and data display to case program development. 

In conclusion, to incorporate all the functions necessary for a single-board develop¬ 
ment system, the ROM can easily require 500 to 1.000 bytes of storage. Many comput¬ 
er systems use a 64- to 256-byte ROM to store a bootstrap program. A bootstrap b a 
program that coordinates the minimum amount of necessary peripherals to load a 
larger program into the computer. In most personal computer systems, thb bootstrap 
controls a cassette interface, and the program that n subsequently loaded is called a 
monitor. 

A monitor (explained in Chapter 6) is a very important piece of software that re¬ 
quires about 1 K of program storage. Our decision b whether to make the monitor 
totally resident in ROM (ready for immediate execution), or to reduce ROM to the 
barest minimum and load the monitor from either a keyboard or a cassette storage sys¬ 
tem. 

Thb is an important consideration for someone building a computer from scratch. 
When given a choice, I feel, you should almost always opt for the solution that calls for 
the fewest components and you should include the ROM monitor in the hardware. It's 
like pulling Ihe cart before the hone to require that a cassette interface be used to load 
all the diagnostic software. Its quite possible that the monitor program, resident in a 
1 K ROM. would be required to troubleshoot and align the serial interface and cassette 
modem sections. A further consideration b that the ZAP computer can be brought on 
line sooner. With a ROM monitor, useful programs can be entered via the key-board 
without having to build a serial interface. 

1 suggest that the preferred ROM memory size for ZAP be 1 K. As previously- men¬ 
tioned. ROM b mask-programmed by the manufacturer. However, let's not forget that 
for a home-built computer, you are the manufacturer. Fusable link PROMs are an ex¬ 
pensive proposition when configured in a 1 K block. As a 64-byte bootstrap loader 
they are ideal. 

The suggested alternative for the ZAP read-only memory b to use an EPROM that b 
programmed by the user. A 1 K EPROM such as the 2708 (or the 2 K 2716) b cost- 
effective for the home-built computer. The Intel 2708 ultraviolet erasable read-only 
memory b recommended for this application. (The 2716 is a 2 K EPROM with a suigle 
+ 5 V power supply.) 
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EPROM* 

The EPROM is a read-mostly memory. If H used a* a ROM for extended period* of 
lime, erased occasionally and reprogrammed as necessary. Erasure a accomplished by 
exposing ihc chip substrate, covered by a transparent quartz window, to ultraviolet 
light. The EPROM memory element used by Intel in the 2706 h a stored-charge type 
called a FAMOS transistor (Floating-gate Avalanche injection Metal Oxide Semicon¬ 
ductor storage device!. It is similar to a p-channel silicon gate field-effect transistor 
with the lower or ' floating" gate totally surrounded by an Insulator of silicon dioxide. 
The 1 or 0 storage value of the FAMOS cell is a Function of the charge on the Floating 
gate. A charged cell will have the opposite storage output of an uncharged cell. By ap¬ 
plying a 25 V charging voltage to selectively addressed cells, particular bit patterns that 
constitute the program can be written into the EPROM. Surrounded by insulating 
material, the charge can last for years. When this silicon dioxide insulator is exposed to 
intense ultraviolet light it becomes somewhat conductive and bleeds off the charge on 
the floating gate. The result is erasure of all programmed information. 

Appendices Cl and C2 detail the pin layout and electrical specifications of the 2708 
and the 2716 respectively. Chapter 7 explores various methods to program and test the 
chip. 
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Read,'Write Memory 


Read/write memory b just what its name implies. Such memory allows data to be 
written into it as well as be read Iron it. Read/wnte memory for microcomputers is 
generally configured from semiconductor programmable memory devices that retain 
data only while the power b on. 

ROMs are technically random access devices; however, read’write memory, which 
b composed of semi-conductor devices and b primarily intended for use in microcom¬ 
puters. has come to be called RAM (random access memory). From this point on, wc 
shall refer to RAM as programmable memory. 

There are two classes of programmable memories: static and dynamic. Static pro¬ 
grammable memory stores each bit of information in a bl-stable storage cell such as a 
flip-flop. This information b retained as long as the power b supplied to the circuit. 
Dynamic programmable memories have a simpler internal structure, smaller size, dissi¬ 
pate less power, and are inherently faster. They store information as an electric charge 
on the gate to substrate of a MOS transistor. This charge lasts only a few milliseconds 
and must be refreshed. This necessity to refresh the stored information Is one of the ma¬ 
jor distinctions between static and dynamic programmable memories. 

Refreshing dynamic memories can be bothersome, however. Use process requires 
that all storage cells be addressed at least once every few (usually 2) milliseconds. A 
counter circuit b usually Incorporated to exercise the memory address lines when the 
computer b not accessing memory. In most systems, memory refresh requires addi¬ 
tional external circuitry. The ZSQ contains this circuitry within the central processor 
chip and greatly facilitates the use of dynamic memory. However, this facility is lost 
when the ZflO b reset. Therefore, extra refresh circuitry is necessary. 

The choice between dynamic and static programmable memory technology b 
predicated on cost and convenience. Even with the expense of external refresh circuitry, 
dynamic memory b less costly. In a prototype system such as ZAP, however, dynamic 
memory b more trouble than it b worth. Once built and operational, dynamic memory 
might well be the best answer to memory expansion. But at thb point in the building 
process, the Inclusion of dynamic memory would over-complicate the design. Thb 
book, which emphasizes getting a beginner on-line, drab exclusively with semiconduc¬ 
tor static programmable memory applications. 

Static Programmable Memory 

Figure 4 31 b a block diagram of a static programmable memory element typical of 
the type used in the ZAP computer. There are five basic components of a program¬ 
mable memory: 1) address input lines. 2) data input. 3) data output, 4) chip select, 
and 5) a read/write- or wntr-cnable strobe line. The address input lines are connected 
to the address bus of the computer. In the case of a N by M bit programmable memory, 
where N b the number of words and M b the length of each word, there must be 
enough address lines to address all N bytes. For example. In a 1 K programmable mem¬ 
ory it would take 10 bits to address all 1024 bytes within thb memory (eg: 2"-1024). 
Static programmable memory chips that contain fewer bytes of data, such as a 64-byte 
programmable memory, would obviously require fewer address lines. For a 64-byte 
memory, only 6 bits of address are necessary. 

Because the function of a static programmable memory device is to allow storage 
and retrieval of data, provisions must be made for data input and data output from the 
device. The data input and data output lines (shown in figure 4.31) are designated as 
separate functions. 

During the read function, the stored data within the addressed memory cell is avail¬ 
able on the data output lines. During the write function, data that b placed upon the 
data input lines would be stored at the address designated by the code on the address 
input lines. It b not necessary that static progr a mmable memory devices have indepen¬ 
dent data input and data output lines. 

In most cases, these devices are configured with three-state outputs. Data input and 
data output can be attached together to a bi-directional data bus, or they can be the 
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same lines and time multiplexed. Figure 131 illustrates a three-state method of data 
busing. During a read Junction, the data input lines are disabled internally within the 
memory device. The contents of the memory cell addressed by the address input lines 
arc available on data out and are fed directly to the bi-directional data bus. During a 
write function, the opposite is true. The data output lines are set in the three-state mode 
(which you may recall is effectively an open circuit), and draw no current from the bi¬ 
directional data bus. The contents of the bi-directional data bus are stored at the 
designated memory cell. 

All of these multiplexing functions are dependent upon the read/write and chip- 
select lines. No operation can occur without the memory device being selected through 
the chip-select line. To select a particular bank, as outlined earlier, it is necessary to 
have decoding logic that enables these banks through the chip-selcct lines. Once a chip 
or bank of chips has been selected, the computer determines whether data should be 
read from or written into these memory locations. Under normal operation all static 
programmable memory b left In the read slate, and only enabled during a write com¬ 
mand by setting a level 0 on the write enable. This b called a write«nabSe strobe. 

Figure 4.32 b a detailed timing diagram of the memory read and write cycles. The 
write/enable is a combination of memory request and write. A read/enable b a com¬ 
bination of memory request and read. Proper decoding of these signals and the chip 
select were discussed previously. In its bask form. ZAP has 8 chip-select lines, each ad¬ 
dressing a 1 K bank of memory. 

Figure 4.33 illustrates the memory map of the bask ZAP computer. As initially con¬ 
figured, ZAP contains 3 K bytes of memory. Location 0 thru 3FF is a 1 K EPROM. 

Locations 400 thru BFF are stalk programmable memory locations. The 1 K EPROM U 
configured to reside in locations 0 thru 3FF so that ZAP can be easily started with a 
power-on reset. Programmable memory located at locations 400 and above U con¬ 
sidered to be user programmable memory. At least 2Kb recommended for satisfac¬ 
tory operation. ZAP will work with 1 K. but 2 K b recommended for basic peripheral 
expansion. 

Figure 4.33 also shows how memory is attached to the computer. All three banks of 
memory are attached In parallel between the address and data buses Each bank has a 
separate decoded chip-select. When the EPROM b enabled and WGO b at a logic 
level 0, EPROM data b impressed upon the data bus lines. The other two banks of 
memory are in the three-state mode and have no effect on the bus. When the computer 
accesses programmable memory, the chip for that particular bank of memory is set to a 
logic 0 . and only that bank of memory has access to the data bus. 

While all banks of memory would hast the same address applied to them, only the 
selected bank would be in the active mode. The logic flow b similar for the computer to 
write into a bank of memory. You will notice that there are wnte-enable lines leading to 
each of the 1 K static programmable memory banks, but not to the 1 K EPROM. A1 K 
EPROM can only be written into with a special interface. Therefore, the wnte-enable 
strobe is only attached to the programmable memories. 

If, for example, the computer were to write into location 400. the chip-select for 
bank 1 and the write enable for bank 1 would both have to be at a logk 0 to allow data 
on the data bus to be stored into location 4CO. Thb type of programmable memory 
configuration is both multiplexed and three-state. In the read mode. daU flosvs from 
the programmable memory chip; in the write mode it flosvs into it. and when not se¬ 
lected it’s three-state. 

Up to thb point, wc have discussed block diagrams of statk programmable memory. 

To produce an operational computer, it's necessary to configure thb memory svith ac¬ 
tual parts. Unfortunately, single chip 1 K by 8-bit programmable memories were ex¬ 
tremely expensive when ZAP was designed. Therefore, these 1 K blocks are designed 
from multiple components. Two relatively inexpensive and popular static program¬ 
mable memory chips are the Intel 2102A (Appendix C3) and the Intel 2114 program¬ 
mable memory (Appendix C4). 

The 2102A b a 1 K X 1 static programmable memory. Configuring a 1 K X 8 block 
of memory requires eight 2102s attached m parallel. By comparison, configuring a 
1 K X 8 block with 2114s would require only two chips. Thb b because the 2114 has a 
higher internal density than the 2102. Because the objective of any hand-wired comput- 
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er project is to get the device on line easdy. 2114s are the recommended programmable 
memory devices for ZAP. While 2102s will work, the added wiring necessary to use 
these devices far outweighs the additional cost of the 2114s. 

Figure 4.34 illustrates how two 2114s are attached together to produce a 1 K X 8 
programmable memory bank. They share a common chip-select line. The data input 

lines are divided so that 4 bits of data are stored on each chip. Because each has a 
1024-byte address capability, the 10-bit address lines are commonly shared. To build 
the bask ZAP. two circuits of the type illustrated in figure 4.34 should be constructed. 
The total memory for the bask computer o3 K. It can be expanded to 8 K without ad¬ 
ditional address decoding. It is not absolutely necessary to have 2 K of programmable 
memory if the user wishes only to check the operation of the system. At a minimum, 
the EPROM must be wired as 1 bank of memory. 

The 1 K EPROM contains the monitor which allows ZAP to function. This monitor 
contains many smaller programs that are called subroutines. When the main program 
calls a subroutine, it places the return address on a software stack located in program¬ 
mable memory. At the conclusion of the subroutine, the central processor pulls this ad¬ 
dress from the stack and returns to the main program. Usually the stack requires no 
more than 64 bytes. However, it is no less trouble to wire two 2114s for a full 1 K X 8 
bank of memory than to try to wire a 64-byte memory. 

An additional bank of 1 K. designated as bank 2. could be added at the user s discre¬ 
tion. This bonk b necessary if you plan to write programs that will occupy more than 
1 K of memory including the stack. As the computer b presently configured. 1 K may 
appear adequate; however, for the additional programs outlined in this book, 2 K Is 
recommended. Thu b especially true when a buffer area b required to communkate 
with external peripherals. The schematic for the final memory configuration is shown 
in figure 4 33. It should be addrd to the circuitry of figures 4.17 and 4.26. 

Unlike the other sections of the computet, the memory cannot be checked except 
under program control. Theoretically, the address lines can be preset and data read or 
stored, but it's not worth the effort. Memory checks will occur after the Inpul/output 
section b wired Baskally. it will be checked first with EPROM alone, then with the ad¬ 
dition of the programmable memory. 1 mentioned previously that EPROM and pro¬ 
grammable memory are related yet operate independently. While a program is often 
stored in PROM. K usually requires programmable n> rmory for proper execution. 

In a short program that loads the accumulator, writes to an output port, and (umps 
back to itself again, with no subroutine calk, programmable memory is not necessary. 
It can be completely located on EPROM. The exact procedure for this test will be out¬ 
lined at the end of the I/O section. 
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IV. Input. Output 


Thus far we have discussed the central processor control and memory decoding. The 
input and output functions are equally important. For the computer to display useful 
information, it must be • interfaced" to peripherals. Interface - a an overworked term 
that refers to a capability of communicating with external devices such as keyboards, 
video or LED displays, and memory storage systems. Communication can be either 
data input or output. 

Input data can come from keyboards, audio cassette mass storage, or special data ac¬ 
quisition interfaces. Similarly, output data flows from the computer to peripherals (eg: 
video displays, numeric readouts, printers, and external control interfaces). The func¬ 
tion and format of the data communication between the central processor and the pe¬ 
ripherals might vary considerably, but the internal routing of the daU is fundamentally 
the same. 

The Z80 microprocessor provides both an input and output instruction. An output 
from the processor is logically the same as writing to memory, and receiving an input 
from an external device is similar to a memory-read command. They are differentiated 
from memory operations by gating the read and write status lines with the I/O request 
control line. Logical concurrence of an I/O request and a read or write status output 
designates the direction of the communication with the peripheral device. Simulta¬ 
neously with the control signals, the address code (1 of 236) of the subject device is 
placed on the address bus. A timing diagram of these signals is shown in figure 4.36. 
The decoding logic was detailed in section II of this chapter. 

Wiring the I/O ports for ZAP is a two-stage process. When hand wiring a computer, 
the most Important consideration it to see that the input/output function works by the 
least complicated method. A successful test of the ZAP I/O section also indirectly tests 
memory. This is so because input and output instruct ions cannot be exercued except by 
a program stored in memory. 

Z80 input and output is handled 0 bits at a time. It does not matter whether the exter¬ 
nal Interface configuration b serial or parallel. Data transfer between the central pro¬ 
cessor and I/O b 0 bits parallel and basically occurs as follows. 





CYCLC 


WRITE CTClE 


RHIO YCCR OWK COMPUTES U1 


Figure 4.36 A timing diagram ol input or outcut cycles for tte ZBO 







Output Instruction 


OUT(nl. A 

When this instruction is executed, the contents of the accumulator A arc placed on 
the data bus and written into device n. The address of device n is located on address 
lines AO thru A7. 

If the accumulator contains 40 hexadecimal when the instruction OUT 23, A is ex¬ 
ecuted, 40 hexadecimal will be written into the peripheral device (also called "port 
number") decoded as 23 hexadecimal. 

While there are other more complicated output instructions available in the Z80 in¬ 
struction set. they all pass data through the data bus to the external device. Because the 
data bus is used for transfer of information between the central processor and memory 
as well as I 'O. the computer must be allowed to continue executing its program. Data 
cannot remain on the data bus waiting for the peripheral (the central processor can be 
made to do this but such abstract configurations would be confusing at this lime). The 
data is valid for only a few dock cycle* * n d must be stored if needed for a longer 
period. 

Figure 4 37 diagrams a typical 8-bit storage register. It consists of 8 individual stor¬ 
age elements with a common store enable" input. In its simplest form, the single stor¬ 
age cells can be D-type flip-flops such as shown in figure 4.28. Input data (ie: the data 
bus) is attached to the D input lines and is only clocked onto the output lines (Q and 
Q) during an I/O write strobe. Using 7474s would require 4 chips for an 8-bit word. A 
better method b to use the improved circuits of figure 4.39. 

Input Instruction 


IN A, <n> 

When this instruction n executed, the data from the selected port <n) is placed on the 
data bus and loaded into the accumulator. 

If the subject external device reads 10 hexadecimal when the instruction IN A. 20 Is 
executed, the value 10 hexadecimal read from device number 20 hexadecimal would be 
loaded into the accumulator. 

There are other more complicated input instructions but as was the caie with output 
Instructions, the route for all data is still the data bus. To keep the data bus from being 
dominated by a single device attached to it. all input devices (ie: the output from them) 
must be three-slate. This can be accomplished either by using interface logic such at 
UARTs and peripheral interface adapters that arc designed to be three-state, or by add¬ 
ing three-state input buffers such as illustrated in figure 4.40 (the block diagram of the 
typical 8-bit. parallel-input port). 

Whatever is on input lines B, thru B. during an I/O read instruction will be directed 
to the central processor. Using these direct read instructions there is no interaction be¬ 
tween the central processor and the external hardware attached to the input port. Addi¬ 
tional logic is required to coordinate the exact timing between the computer and an ex¬ 
ternal peripheral. The solution is called "handshaking." Such a capability requires 
either more sophisticated Input port hardware, connection to the central processor, in¬ 
terrupt logic, or additional I/O ports to coordinate the timing. 

Checking out the bask ZAP hardware a best accomplished by using the least com¬ 
plicated hardware. A simple input port is illustrated in figure 4.41 and consists of 2 
quad three-state buffers. Should there be any brave experimenters who wish to have 
full handshaking on I/O ports or need more than the 8 mA output drive capabilities of 
a LSTTL device, input and output ports can easily be configured using Intel 8212s. The 
specifications described in Appendix C5 demonstrate its versatility. 


Input- Output Checkout 


Ultimately. ZAP could have a keyboard. RS232 serial CRT terminal, audio cassette 
interface, and analog, as well as digital I/O capabilities. Trying to attach all these pe¬ 
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ripherals together and checking everything simultaneously b a monumental undertak¬ 
ing. A more methodical approach b to construct the minimum hardware and software 
that proves operational and then build upon it. That b the route taken thus far. 

With the exception of memory, we have attempted to eliminate any potential prob¬ 
lems by static testing where possible. The simple I/O devices of figures 4.39 and 4.41 
lend themselves easily to this situation. To test I/O fully requires one input port and 
one output port. It should be wired as shown in figure 4.42. Only port 0 need be con¬ 
nected at this time. The additional circuitry included in thb diagram can be ignored. 
Only ICs 21 thru 23 are of concern presently. The other devices are enhancements to 
the basic ZAP and will be discussed later. 


Static Test 

With power off. remove all ICs pr eviously insta lled. In sert ICs 20. 21. 22. and 23. 
Turn on power. Temporarily ground DSOWR and DSORD. This maneuver, impossible 
under direct computer control, allows data bus access to both input port 0 and output 
port 0 at the same time. With the two poets connected in thb manner applied input data 
should be available immediately at the output poet. With the input lines of ICs 21 and 
22 open and power applied, the outputs of IC 23 should be at a high level. Sequential 
grounding of input lines B, thru B, should be refle cted on lines B. thru B. of IC 23. A 
final test is to disconnect the temporary ground on b$0WR while one of the input lines 
of 1C 21 and 22 U grounded. The logic 0 output of IC 23 should remain low even when 
the Input line is no longer grounded. The result b that the data is latched.' It will re¬ 
main until updated by another write strobe. 
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Figure 4.39 Schematic diagrams ot 8 tu! latched paratel output ports, 
a) Using two 4-t-f LSTTL latches. 

D) Using a traddonal Belt TIL latch. Note that nxi lSTTL dovPes can bo substituted but 
care should be taken to observe the KxaJ bus loading, 
c) Using a newer 5M LSTTL latch. 
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Figure 4.41 A schematic diagram of an 80rt paraBel incut port for the ZAP computer. 
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V. Dynamic Checkout of the Basic Computer 


All systems, with the exception of memory, should haw successfully' passed the 
static checkout procedures. The memory wiring should be checked for continuity. 
Because ZAP has no front panel or indicator (unless you wish to add one), the full sys¬ 
tem can only be tested by executing a program that dynamically exercise* all the system 
hardware. This is easier than it sounds. For the computer to output a number to a spe¬ 
cific port address, the central processor must be operational and have reset properly to 
execute the instruction. The memory read must work or the central processor wouldn't 
know what to do. The memory and I/O decoding must work for the data stored in 
memory to arrive at the right output port. And finally, for the data to be read at the 
port, the output port must function as well. In short. H you can execute a program, the 
computer works. 

We can make the process simpler by using the fewest program steps possible and by 
initially eliminating the necessity for programmable memory. Remember. ZAP has 
both EPROM and programmable memory. With no monitor or front panel, program¬ 
mable memory cannot be loaded directly to run a test program. The test program must 
be already loaded in ROM (in our case EPROM). By carefully selecting the instructions 
used in the test program, programmable memory can be left out entirely when we run 
the first test. Why complicate matters by having more hardware than is necessary! 

Few Instructions are required to test the operation of the processor, reset, memory 
and I/O. Usually the central processor either works or it doesn't. Central processor 
failure Is rarely a case of one of the instructions executing improperly. If ZAP can read 
In data at port 0 and output the same value to output port 0, we can assume it all 
works. For the data to reach output port 0. it must travel through the centra) processor 
(assuming you have removed the temporary grounds on the I/O strobe lines) under 
program control. 


Such a test program ts: 

OCTAL 
IN A. 0 M3 000 

OUT 0. A 313 000 
IP NN 303 000 000 


HEXADECIMAL 

DB 00 read port 0 in 

D3 00 write to port 0 out 

C3COOO lump to beginning 


This 7-byte program will rrad input port 0 data into the accumulator and then write 
this same data to output port 0. The jump instruction will cause the program to repeat 
this action continuously. The program requires no programmable memory to store 
either intermediate data or the stack pointer. Because only the accumulator is affected, 
the 7-byte program can be completely contained in ROM. In this case. ROM can be 
either a 2706 EPROM programmed manually as described in Chapter 7 or a simulated 
ROM as shown In figure 4.30. If you use a simulated ROM. it may be necessary to 
reduce the 2.5 MHz dock rate to compensate for the capacitance of the external dr- 
cuitry. Figure 4.30 also includes an output to port 3 that tests a data display to be added 
later. Rather than rewrite the EPROM or rewire the pseudo-ROM. you may wish to 
add this instruction now. 

The final test of the basic ZAP is to exercise a program that uses both programmable 
memory and EPROM. Again, the philosophy is that if it can store and retrieve 1 byte 
from programmable memory, then all I K of that bank should work. A slightly longer 
program is used this time. The following program is stored in EPROM and the pro¬ 
grammable memory is used by the central processor to store the stack: 



OCTAL 

HEXADECIMAL 


LDSP.nn 

C61 OOOCC6 

31 00 06 

set stack pointer to 
middle of bank 1 
programmable memory 

IN A. 0 

M3 000 

DB 00 

read port 0 input 

CALL TEST 

315 014 COO 

CD OO 00 

call program test 

OUT 0. A 

323 000 

D3 00 

write data to port 0 out 

IP nn 

303 000 COO 

C3 00 00 

jump to beginning 

RET 

311 

C9 

return to main program 



When assembled, the 14-byte program would be loaded as follows (in hexadecimal): 


Location P rog ram 

00/00 3100 06 

03 DB 00 

05 CD 0D 00 

08 D3 00 

0A C3 00 00 

0D C9 

The operation of this program is similar to the previous example. A byte is read from 
input port 0 and then read back out to output port 0. In between these operations there 
b a call to a subroutine that is just a return instruction. When the call is executed, the 
location where the program b to resume operation after the call b put on the stack in 
programmable memory. At the conclusion of the call (the return instruction), the ad¬ 
dress b popped off the stack and placed in the program counter so that the program can 
resume where it left off. The only way for the input data from input port 0 to get to 
output port 0 b for this call to be executed properly. Of course, this requires that pro¬ 
grammable memory work properly. 

Many other programs that would further enhance the diagnostic checkout pro¬ 
cedures can be written. In my experience, however, if it executes these two programs, 
you can count on everything running. 

Once these milestones are reached, the experimenter has a truly oprralional comput¬ 
er. The next step b to expand thb basic unit and make ZAP somewhat more versatile 
by adding address and data displays, a hexadecimal keyboard, a serial interface, along 
with an operating system that coordinates the activities of these peripherals. While the 
present system is a computer, these additions are necessary lo move beyond an ex¬ 
perimenter's breadboard prefect. 
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CHAPTER 5 

THE BASIC PERIPHERALS 


Once the basic ZAP computer has been constructed and tested. »x are ready to add a 
few necessary peripherals that will greatly Increase the system's utility. External periph¬ 
erals facilitate the Input and output capabilities ot the computer. They include such 
items as printers, cathode-ray tubes (CRTs), tape drives, and disks. Peripherals of this 
magnitude, however, are usually used on larger systems. For our Zfthbatcd ZAP, 
useful peripherals include a keyboard to ease data and program entry; a visual display 
to allow the computer to indicate a logical conclusion in readable form; a serial com¬ 
munications Interface, which allows ZAP to "talk - to another computer.- and an Inter¬ 
face to an audio cassette mass storage device. These four ingredients are the difference 
between an experimental breadboard and a useful personal computer. 

The keyboard can be either a small keypad for limited data entry or an alpha-numer¬ 
ic “typewriter'-style ASCII (American Standard Code for Information Interchange) 
keyboard for text editing and high-level Unguagr programming. The visual display 
could range from a hexadecimal LED readout to a full 24-line by 80-character CRT ter¬ 
minal. The serial port, in conjunction with the audio cassette interface, could be used 
to cold start the computer and load application programs. 

As with the previous circuits In this book. I've tried to provide various alternative 
designs so that you. the builder, may construct a truly personal system. Each of the 
four peripheral devices will be explained in detail and numerous design examples will 
be provided; both limited function hexadecimal input and full ASCII keyboards will be 
addressed. In the case of the visual display, we will discuss a rudimentary LED octal 
and a hexadecimal readout for ZAP. For more sophisticated visual interaction, a CRT 
terminal is required. Because this unit is much more comp heated than a keyboard or an 
LED display, an entire chapter has been dedicated to it. My basic premise b to start 
with the essentials, provide a thorough understanding of their applications, then move 
to more complex, more useful add-ons. 

The expansion of the basic ZAP into an interactive microcomputer system requires 
the addition of a software program to synchronue and exercise the new peripherals. 
This software is called a monitor and b discussed in a later chapter. Peripherals merely 
provide the means for added data entry and display capability. 


I. KEYBOARDS 

The only way the ZfiO can communicate to an external device b through the input/ 
output bus structure previously described. (While more esoteric methods such as direct 
memory access exist, they will be ignored for the present.) When the processor wishes 
to signal the user that an event has occurred, it can do so by changing the output level 
on one bit of a parallel-output port. For example, the end of program execution can be 
designated by bit 7 on port 0 going from a logic 0 to a logic 1. Using thb concept. 8 
separate elements could be individually designated and controlled from the 8 bits of 
output provided on the single “basic ZAP" port. 

Information input is just as simple. The numbers 0 thru 7 could correspond to 8 
switches on the 8 input bits of port 0. Thb b shown graphically in figure 5.1. When 
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bit-7 switch is pressed, grounding the input, the logic level transition can signify a nu¬ 
meric entry of 7 to the computer; many microprocessor applications require only these 
few bits of I/O. A traffic light controller, for example, with a single red. yellow, and 
green light would need only three bits of output. 

The program to control the lights would have been written, assembled, and pro¬ 
grammed into some type of non-volatile storage. However. ZAP must interact with a 
human operator in such a way that programs can be developed and tested. The major 
difference between the traffic light controller and ZAP would be the peripherals and 
not the microprocessor's capabilities. 

In our example, we could put 8 switches on an input port. To enter information, we 
have only to wnte a short program that reads the data on port 0 into the accumulator 
and then stores or acts upon it. The chapter on monitor software will address these 
manipulations, but one problem must be solved first; synchronizing peripherals to the 

computer. 

How does the computer know when the data on the switches is or is not valid7 And, 
could we make a timer in software or hardware that reads the port every second, on the 
second? Can you, for example, see yourself trying to flip all the switches in time or to 
make the computer wait? 



Flgurs 8.1 A wuW KrpuWutput MftrfeC* L£D rotdout and swfleft input 


The most popular method of synchronizing a peripheral that has slow data input to a 
computer with fast program execution is to use "data ready" strobe pulses. (Interrupts 
may also be used but they involve complicated programming and will not be con¬ 
sidered here.) The program b written to read and check the logic level of one bit only. 
By substituting a push button for one of the eight snitches, say bit 7, we can simulate 
the strobe. To accomplish this, first set data on the other seven switches; then, with the 
program sitting in a loop checking bit 7, press the push button to generate a logic tran¬ 
sition. The program, sensing that a "data ready" strobe is present, reads in the entire 
port and uses the other 7 bits of data. 

Frequently, it is not practical to limit ourselves to just 7 symbolic interpretations 
when using 7 bits of input. A more logical approach is to code the input and let the 7 
bits represent up to 128 individual symbols. The choice between a coded versus a 
straight parallel input is governed by the application. If the computer is part of a 
burglar alarm, with each input bit representing a door or window switch, then it b im¬ 
portant to know individual and simultaneous bit transitions. In this application, it b 
necessary to have parallel signal input. On the other hand, alpha-numeric entry from a 
typewriter keyboard b by nature serial, one letter at a time. Therefore, nothing b 
gained by using 128 parallel input bits for a 128-key keyboard. A 7-bit code b more 
cost-effective. 
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The most widely used keyboard code is ASCII (American Standard Code for Infor¬ 
mation Interchange). Appendix B lists the code and the characters it represents. Any 
homebrew keyboard should reflect this coding to be compatible with com m erc i ally 
available software such as BASIC. 

There are a number of methods that can be used to generate suitable key codes. 
Figures 5.2 and 5.3 reflect hardware and software approaches, respectively. The block 
diagram outlined in figure 5.2 is a hardware scanning system suitable for a 64-key key¬ 
board. A 6-bit counter progressively enables each column while scanning all rows in 
each step. Should any key be pressed, a logic 0 wiU be routed through the 8-input 
multiplexer to the scan control logic. This signal is used to generate a key-pressed 
strobe (also called datarrady strobe! to the computer The row and column address 
lines from the counter are read and indicate the binary matrix address of the pressed 
key. Compatibility with the ASCII code is simply a matter of placing the proper key at 
the correct address within the matrix. 

Another suitable encoding method is outlined in figure 5.3. This technique, which 
uses software logic to scan the matrix, should be used only when computer program ex¬ 
ecution speed is not critical. While reducing the rircukry to one chip, the trade-off in 
this approach requires both an input and output port. It functions in the same way as 
figure 5.2. The computer sets a 4-bit column counter code on the decoder. Then it 
searches the parallel input port for the row with the logic level 0 signifying a pressed 
key. While this may seem to be an easy way to decode 124 keys, there are certain soft¬ 
ware considerations. 



Fiquro 5.2 A matrix keytcanJ scanner for a 64*e y kefi Ofr'tf 
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The key prosed or data-ready strobe In any keyboard serve* two purposes: II signi¬ 
fies that data b pmffl and ready, and il b limed »o the strobe b not generated until 
alter a mechanical debounce time period hat elapsed. The reason I or the delay b ob¬ 
vious. Remember, these microprocessors can execute 200,000 instructions a second. A 
program written to look for a strobe and read the data would run a hundred lime* on a 
•ingle key pro* because of contact bounce. The mechanical making and breaking of the 
contact could appear like 100 data-ready *trobe* if we aren't careful. A true data-ready 
•trobe b not generated until after a debounce time-out and then it »hould be fasl-rlse- 
time (< 200 n») pubc with a rate exceeding the cycle time of the computer. The dura¬ 
tion of the pubc should be long enough to allow the scanning program to catch il even 
if It b off doing some other task, and short enough so that the central processor doesn't 
see the same strobe twice. 

There are two techniques to combat the problem of strobe duration. One is to set a 
flip-flop with the rising edge of the strobe and tie the dear line of the flip-flop to an out¬ 
put bit. After reading in the data, the program can clear the "data-ready" condition by 
resetting the flip-flop. This b usually employed in cases where the response time to a 
keyboard or other device b variable. This method also guarantees that an event will be 
registered and not missed due to time delays. Of course, most keyboard encoders do 
not latch their output data. If a key b released, even if the strobe has been set in a flip- 
flop. no data will be present when the computer reads the keyboard. There are ways to 
get around thb but they all involve additional hardware. 

Usually the experimenter's problem b reading a strobe twice rather than not waiting 
long enough to acknowledge it. Instead of using a hardware flip-flop, most program¬ 
mers employ a software flag, the second technique in dealing with strobe duration. 
When a key-prosed strobe b sensed, the program sets a flag in a memory location, 
reads the data, then checks the strobe again. If the strobe b high, the flag is checked 
and the data is not read. Only when the strobe returns to a logic zero is the flag reset, 
enabling data input the next time. 

It's not easy to construct keyboard encoders for 64- or 128-key ASCII keyboards. It's 
simpler to use a commercially available, scanning, read-only memory encoder such as 
the one documented in Appendix C6. 

As far as ZAP is concerned, it is important to learn to walk before we run. Most peo¬ 
ple would consider ZAP to be a learning tool that could be eventually expanded into a 
full-blown microcomputer system. A full 128-key ASCII keyboard could prove to be as 
expensive as the entire ZAP computer. To minimize expense and retain the experimen- 
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tal qualities of this endeavor, a limited keyboard, suitable for hexadecimal entry, is 
suggested as the first level of expansion. With a limited number of keys to encode, 
hardwired TTL circuitry offers a reasonable cost advantage over expensive encoder 
read-only memories. 

Figure 5.4 is a hexadecimal keyboard interface designed specifically for the ZAP soft¬ 
ware monitor. A hexadecimal keyboard allows data and instruction entry as 2 digit 
hexadecimal numbers. In addition to the 16 numeric keys, there are 3 command keys 
designated “EXEC" (for execute). “NEXT." and SHIFT." EXEC and NEXT will be ex¬ 
plained in the monitor section. The SHIFT is similar to a regular keyboard and is used 
to double the number of key codes by allowing a SHIFT 1. SHIFT 2. etc. The particular 
significance of each code will be explained later. 



Figure 5.4 A tetadecinta! keyboard interface. 
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The keyboard required lo support the ZAP software monitor has 19 keys. The en¬ 
coder in figure 5.4 is a combination scanner and hard-wired parallel output. Encoding 
depends upon the particular key pressed. The hexadecimal keys 0 thru F are sensed 
through a multiplexed scanner. 1C 2 and 1C 3. As 1C 2 counts, it sequentially places a 
logic 0 on each of the 16 output lines of IC 3. If any key is pressed, that low level is 
routed back to IC 4 and stops the clock. The counter b then locked on the address of 
the particular key being pressed. The same action that stops the clock also triggers a 
one-shot IC 5 which generates a key-pressed strobe. The output lines BO thru B3 will 
contain the binary value of the pressed key while bit 7 b reserved for the strobe. The 
three function keys are directly tied to input bits 4. 5. and 6. Three sections of IC 1 
serve to dampen contact bounce. The EXEC and NEXT arc tied in so they will generate 
a key-pressed strobe when activated. Because the shift key b always used in conjuction 
with another key, it b not connected to the strobe circuit. 

It b important to recognize that the coding of this 19-key circuit b not ASCII. An 
ASCII keyboard cannot be used directly with the software monitor outlined In this 
book, unless you use only those ASCII keys that correspond to the coding of figure 5.4, 
or rewrite the software monitor to accept ASCII rather than binary codes for each key. 

D. ADDING A VISUAL DISPLAY 

Once a keyboard has been added lo ZAP. w«e are ready for program development. 
The other key ingredient is a visual display that allows the programmer to examine in¬ 
struction statements and data The least costly configuration b an LED display, prefer¬ 
ably hexadecimal because the software monitor b wntten that way. For the octal die- 
hards. I've also included an octal display. 

Hexadecimal displays may seem a trivial addition lo an expensive computer system, 
but it b sometimes these little helpful add-ons that make program debugging easier. I 
don t intend that it should replace a CRT. but it s a necessary tool when debugging a 
program and a necessity foe using the ZAP monitor. It will never replace a stepper or a 
break-point-monitor program, but it's great to display keyboard or I/O data quickly 
with a single output instruction. 

There are many ways to display hexadecimal on a 7-segment LED. Figure 5.5 b an 
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INPUT CODE 


82S13 PROGRAM 


7-SEGMEXT DISPLAY 


D C B A D7D6D5D4D3D2DID0 

0000 01110111 0 

0001 01000001 

0010 01101110 

0011 01101011 

0100 01011001 

0101 00111011 

0110 00111111 

0111 01100001 

1000 01111111 

1001 01111001 

1010 01111101 

1011 00011111 

1100 00110110 

1101 01001111 

1110 00111110 

1111 00111100 


Figure 5.5 A posVQ* metrtod for a neiadeomat laXM)ecoO&*Jr*M usmo a standard 7-segment 
LED. 

a) This enure circuit would Oe needed to rec'ace one HP73*0 C3 on me B2S23 can perform 
me Olanktng tuncuon. 

0) The program hr trie 62S23 ttC 2X 

example ol the usual brute force method using a PROM a* a hexadecimal decoder. (A 
method of programming the 82S2J wa» docnbed m the article in the November 1075 
Issue of BYTE magazine entitled "A Versatile Read-Only Memory Programmer," if you 
choose to use this circuit.) 

However, this approach uses an excessive number of components and most people 
would not want to program a PROM. One alternative is to allow the computer to per¬ 
form the decoding and drive the 7-segment display through the transistors directly 
from a latched 8-bit output port. Another way puts additional logic around a standard 
7-scgment decoder driver for the extra requirements The former case necessitates a 
computer program while the latter can involve as many components as figure 5.5. 

Fortunately, there is a product on the market that can solve the problem. It is the 
HP7340 hexadecimal LED display (from Hewlett Packard: equivalent displays are 
available from other manufacturers). These hexadecimal digits depart from the stan¬ 
dard 7-segmcnt format by using dots instead of bars and being capable of displaying a 
capital ’ B" and ‘V" in hexadecimal. This is accomplished by controlling the comer 
dots, which gives the appearance of rounding." This ability discriminates a 8 from 
an '’8'’ or a "D~ from a “0." There are 16 distinctly different characters. 

An additional feature of the HP7340 is that each display circuit contains a 4-bit latch 
and decoder/driver. This allows the display to be attached directly to the data bus. The 
result is a single 8 pin hexadecimal display that successfully accomplishes the function 
of all the circuitry of figure 5.5. The specifications of the individual pins are given in 
figure 5.6. 
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Figures S.7 and 5.8 demonstrate how the HP7340 can be configured to function as a 
2-digit hexadecimal output port or a 3-digit octal port. An 8-bit latch is not required 
because it already contains one. The HP7340* can be attached to the data bus as simply 
as any other parallel output port and are strobed from the chip-select decoder outlined 
earlier in the section on I/O decoding. 

To utilize the software monitor properly. 6 hexadecimal displays (separated into 3 
single byte displays) are necessary. Three bytes are required to display a particular H 
and L address and the data contents of that location. The 6 hexadecimal displays 
should have the following decoded strobes: 


Output Port t 

Logic Line 

Duplay Parameter 

IC# 

5 

DS5WR 

MSD address field 

30. 31 

6 

DSoWR 

LSD address field 

28. 29 

7 

T5S7WfT 

data field 

26. 27 


MSD - Most Significant Digit 
LSD - Least Significant Digit 

A more complete description of each display function is described within the 
monitor section, and a completed schematic showing how the 6 displays are attached 
to the data bus b illustrated in figure 5.9. 



Figure 5.8 An HP7340 octal Iaxh*3eco0e"0rl*r fisffar Tt* HPS0B2 7300 can tesuOsiltutedtO' the 
HPSG82-7340 m octal Oboby app K*tons. me HP73O0 tfsotars numencs oVy. 


U« THE BASSC PEREKOALS 


Copyrighted material 






Figure 5.9 A schematic diagram of tho 













ID. SERIAL INTERFACE 


A serial communication capability is not absolute!)' necessary to make ZAP work, 
although the software monitor supplied in this book supports a serial interlace. 

First a word about concept before we pursue the design details. Why would ZAP 
need to communicate? When we discuss the serial cassette interface, you will under¬ 
stand that there are more advantages to it than appear presently. If future expansion is 
in mind or commercially made peripherals such as a CRT or printer are ever added, 
their interface will most likely be serial. 

This last sentence is significant. Realize that I said nothing about communicating 
with another computer. While talking to another computer over telephone lines re¬ 
quires a serial link. In general, standard peripherals such as CRTs and printers also 
"talk" serially. Therefore, by designing a serial port to accommodate a printer, we also 
gain the ability to talk with another computer. 

Communication is simply the transfer of information from one device to another. In 
the case of a CRT display unit, the computer sends character information for screen 
display while the keyboard relays the user's input to the computer. Each end of the full- 
duplex communication line must have a transmitter and a receiver. In both cases, the 
information being transferred b ASCII data probably consisting of a 7-bit code and. in 
some cases, an additional parity bit for error checking. This 7-bit data (ignoring the 
panty bit) will appear on the lines of a parallel port. These 7 lines plus a ground 
reference and a strobe (remember we have to tell the receiver when Ihe data Is valid) 
can be brought out to the CRT input. Keeping that as a dedicated line from the comput¬ 
er to the CRT. we now want a similar line between the keyboard output and an 8-blt 
parallel port on the computer. This requires an additional 9 lines. To further com¬ 
plicate matters, lets separate the terminal and the computer by 300 to 400 feel, at 
might happen in some commercial computer systems. The result it that 400 feet of 18 
lead (17 if you combine ground references) cable will cosl more than the terminal. Also 
realize that the TTl parallel output should not be used to drive lines longer than 20 feet 
without special buffers'drivers; otherwise data mors could occur. 

The solution to thb costly wiring problem b to use serial ralhcr than parallel com¬ 
munication. The parallel data b converted to serial and sent one bit at a time down a 
single twisted pair wire. If buffers'drivers are needed for long distances, less are re¬ 
quired with the serial approach. Specially encoded •'start" and "stop" bits included In 
the serial transmission notify the receiver that valid data is being sent. For the above 
example, only two pain of wire are needed to perform full-duplex" interaction (see 
figure 5.10). In half-duplex" mosJe this can be reduced toa single twisted pair, but syn¬ 
chronization of the shared communication line b more complicated. All serial 
transmission references I shall make will be limited to lull-duplex operation. 



Figure 5.10 A tox* diagram ot a RS-232C commncavon bnk. 
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Now that we agree that the communication should be serial, how do we accomplish 
the parallel to serial conversion? The answer b a device called a UART (Universal 
Asynchronous Receiver/Transmitter). Appendix C7 gives the specification informa¬ 
tion for the SMC COM2017 UART which is equivalent in function to the AY-5-1013A 
(General Instruments). To minimize power supply requirements, a single +5 V 
AY-3-1015 or TR1602 (Western Digital) can be substituted as I have done. The only 
change from the specification sheet b that pin #2 b no longer tied to -12 V. 

A UART’s internal structure consists of a separate parallel-to-senal transmitter and 
serial-to-parallrl receiver joined by common programming pins. This means that the 
two sections of the UART can be used independently, provided they adhere to the same 
bit format that is hard-wire or software selectable on the chip. 

The transmission from the computer to the CRT b done asynchronously and in one 
direction only. The computer likewise receives data directly from the keyboard 
through a dedicated line. As far as the computer b concerned, after reconversion to 
parallel In the UART, this input device b communicating parallel data. 

Actual data transmission follows the asynchronous serial format illustrated in figure 
5.11. Using the keyboard as an example, when no data b being transmitted, the data 
line is sitting at a mark (or "1" level) waiting for a key-pressed strobe. A key-pressed 
strobe it a 1 to 5 ms positive pulse (it can be as short as 200 ns) indicating that a key¬ 
board key has been pressed, and that an ASCI code of that key b available for 
transmission. This key-prrssed strobe, which b attached to the data strobe of the 
UART, cauvet the ASCII data to be loaded into a parallel storage buffer and starts the 
UART transmission cycle. The serial output will then make a transition from a 1 to a 0. 
This mark-to-0 start bit b 1 clock period long and indxatrt the beginning of a serially 
transmitted word. Following the start bit. up to 8 bits of data follow, each data bit tak¬ 
ing 1 clock period. At the conclusion of the data bits, parity and stop bits are output by 
Ihc UART to signify the end of transmission. If another key b pressed, the process 
repeats itself. 
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Figure 5.11 A ting* Oala Dyta as ll « lrarsn>ir«<j m asynchronous atrial format 


On the receiving end, the UART b continuously monitoring the serial input line for 
the start bit. Upon Its occurrence, the 6 bits of data are slipped into a register and the 
partly checked. At the completion of the serial entry, an output signifying data avail¬ 
able is set by the UART and can be used as an input strobe to the computer. The UART 
will not process additional serial inputs unless the data available flag n acknowledged, 
and the data available reset line is strobed. Actual transmission can include or exclude 
parity, have 1 or 2 stop-bits, and data can be in 5- to 8-bit words. These options are pin 
selectable. 

The following is a pin function description for the AY-5-1013. COM2017. or 
AY-3-1015. 


Pin f 

NAME 

SYMBOL 

FUNCTION 

1 

Vcr Power Supply 

v« 

+5 V Supply 

2 

Voc Power Supply 

Vcc 

-12 V Supply (not con¬ 
nected on AY-3-1015) 

3 

Ground 

GND 

Ground 

4 

Received Data Enab.c 

RDE 

A logic "0“ on the receive! 
enable line places the re¬ 
ceived data onto the output 


C , ia | 




5 Received Dau Bit* 
thru 
12 

13 Parity Enor 

14 Framing Error 

15 Over-Run 

16 Statu* Word Enable 

17 Receiver Clock 

16 Rewt Dau Available 

19 DaU Available 

20 Serial Input 

21 External Reset 

22 Transmitter Buffer Empty 



lines. 

RD8 

These are the eight data 

thru 

output lines. Received char¬ 

RD1 

acters are right justified; the 
LSB always appears on RDl. 
These lines have three-state 
outputs. 

PE 

This line goes to a logic "1" 
if the received character 
parity does not agree with 
the selected parity. Three- 
state. 

FE 

This line goes to a logic 'T' 
if the received character has 
no valid stop bit. Thrce- 
sUte. 

OR 

This line goes to a logic “1” 
if the previously received 
character is not read (DAV 
line not reset) before the 
present character is trans¬ 
ferred to the receiver hold¬ 
ing register. Three-state. 

5WE 

A logic ~0~ on this line 
places the status word bits 
(PE. FE. OR. DAV. TBMT) 
onto the output lines. Three- 
sUte. 

RCP 

This line should have as an 
input a clock whose fre¬ 
quency is 16 limes (16 X) 
the desired receiver data 
rate. 

RDaV 

A logic ‘XT will reset the 
DAV line. 

DAV 

This line goes to a logic "1“ 
when an entire character 
has been received and trans¬ 
ferred to the receiver hold¬ 
ing register. Three-state. 

SI 

This line accepts the serial 
bit input stream. A marking 
(logic T ) to spacing (logic 
TT) transition is required 
for initiation of data recep¬ 
tion. 

XR 

Resets shift registers. Sets 
SO. EOC. and TBMT to a 
logic 1“ Resets DAV and 
error flags to D.~ Clears in¬ 
put data buffer. Must be 
tied to logic " 0 " when not in 
use. 

TBMT 

The transmitter buffer 
empty flag goes to logic ~1" 
when the daU bits holding 
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24 End of Character 

25 Serial Output 

Data Bit Inputs 

Control Strobe 


35 No Parity 


36 Number of Stop Bits 


37 Number of Bits/ 

38 Characters 


register may be loaded with 
another character. Three- 
state. 

DS A strobe on this line will 

enter the data bits into the 
data bits holding register. 
Initial data transmission is 
in itiated by the rising edge 
of DS. Data must be stable 
during entire strobe. 

EOC This line goes to a logic “1" 
each time a full character is 
transmitted. It remains at 
this level until the start of 
transmission of the next 
character. 

SO This Hne will serially, bit by 
bit. provide the entire Iran.- 
milled character. It will re¬ 
main at logic T when no 
data » being transmitted. 

BDl There are up to eight data 

thru bit input lines available. 

BD8 

CS A logic "1" on this lead will 

enter the control bits (EPS, 
NBl. NB2. TS8. NP) into 
the control bits holding 
register. This line can be 
strobed or hard-wired to a 
logic T level. 

NP A logic "1“ on this lead will 
eliminate the partly bit 
from the transmitted and 
received character (no PE 
indication). The stop bit(s) 
will immediately follow the 
last data bit. If not used, 
this lead must be tied to a 
logic- 0 .- 

TSB This lead will select the 

number of stop bits, one or 
two, to be appended im¬ 
mediately after the parity 
bit. A logic ‘XT will insert 2 
stop bits. A logic T inserts 
1 stop bit. 

NB2. These two leads will be in- 

NBl temally decoded to select 

either 5, 6. 7 or 8 data bits/ 
character. 

NB2 NBl Bits/Character 


0 0 5 

0 1 6 

10 7 

11 8 
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EPS 


39 Odd Even Parity 
Select 


40 Transmitter Clock 


TCP 


The logic level on this pin 
selects the type of parity 
that will be appended im¬ 
mediately alter the data 
bits. It also determines the 
parity that will be checked 
by the receiver. A logic "0" 
will insert odd parity, and a 
logic " 1 " will insert even 
parity. 

This line should have as an 
input a clock whose fre¬ 
quency is 16 times (16 X) 
the desired transmitter data 
rate. 


The final serial interface configuration is shown in figure 5.12. Because a UART is a 
three-state device, it can be attached directly to the data bus. Data is written into or 
read from it 8 bits parallel as any other I/O port manipulation. To the computer, the 
UART appears as one output and two input registers: status, transmitted data, and 
received data. As with all data bus manipulations, data transfers are synchronized 
through decoded strobe*. The ZAP software monitor uses three port addresses to coor¬ 
dinate the hardware and software. To be compatible, they should be wired as follows: 


Port t Logic Line 

02 INPUT D52KD 

03INPITT DS3RD 

02(xmvr DftWff 


Signal 

READ DATA 
READ STATUS 
WRITE DATA 


The primary focus of this chapter is the hardware section of the serial Interface. 
When connected directly to the data bus in this manner, there is no way to operate the 
UART except under program control. Explanation of the protocol and the significance 
of each UART register can be found in the section on the ZAP monitor. 

There are two remaining hardware considerations: data rate and transmission signal 
level. Data rate can be loosely termed as bits per tecond and reler* to the transmission 
speed along the twisted pair. Keep m mind that at lower data rates, only 8 of 11 bits of 
each transmitted word are data. 1 start bit and 2 stop bits are used. While any transmis¬ 
sion frequency can be set on a UART. by adjusting the clock rale there are eight fre¬ 
quently used standard asynchronous transmission rales: 

110 bps 
150 bps 
300 bps 

600 bj»s 

12CO bps 
2400 bps 
48CO bps 
96C0 bps 

Using a special data rate generator chip and switch selector network shown in figure 
5.12. ZAP can accommodate any of these specific frequencies. In normal operation, 
most teletype* run at 110 bps. printers such as the DECwriter II at 300 bps, acoustic 
telephone modems at 300 bps. and video terminals from 1200 to 19,200 bps. As you 
can see. in theory, we can communicate with them. 

Transmission rate is only part of inter-communication prerequisites. A computer 
could be all TTL level logic while a peripheral used 15 V CMOS. They would be com¬ 
pletely incompatible. Therefore, it is necessary 1 to have one additional standard that 
governs the signal level of the transmissions. The most widely accepted and generally 
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Figure 5.12 r/ie final serial interface 

























used standard is E1A RS-212C. 

Although TTL leveb could be used for communication, they are not suitable for 
carrying signals more than 10 or 20 feet. The problem stems from the fact that only 2 V 
separates a logic 1 or 0 rather than speed or drive capabilities. With only 2 V immunity 
to noise, communication would be susceptible to interference from motors and 
switches. 

An industrial committee agreed to a standard interface to solve this problem as well 
as to suggest standards for the industry-. Modem equipment uses EIA RS-232C. This 
specification applies not only to the specific voltages assigned to logic 0 and 1 , but also 
to the type of plug, pin assignments, source and load impedances, as well as to a vari¬ 
ety of other related functions. 

The signal levels of RS-2 3 2C are bipolar and use a negative voltage between —3 and 
— 15 V to represent a logic 1 and a positive 3 to 15 V to represent a logic 0. The region 
between -3 V and +3 V helps our noise immunity and is a dead region. Even though 
+ and -15 V would provide optimum transmission. +3 V and -7 V are also accept¬ 
able. However, try to maintain equal bipolar levels over long distances. 

The basic ZAP computer requires *12. +5. and -12 V (-5 V Is necessary for the 
EPROM memory and b derived from the -12 V supply) supplies for operation. We 
can use the positive and negative supplies to grnrrate RS-232C voltage levels in a num¬ 
ber of ways. Figure 5.13 illustrates some RS-232C drivers, and figure 5.14 shows a cou¬ 
ple of receiver circuits. One from each selection would have to be attached to the serial 
I/O pins of the UART for it to have complete RS-232C compatibility. 



Figure 6.13 TTL to PS-232C drivers 

a) Using two transistors as a level cMWr. 

b) Using an opto*so>ator as a level antler. 

c) Using a staroaro AS232C Ana driver. 


*"•Out or vcisaa 
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Figure 5.14 RS-232C to TIL receivers. 
a) Using a transistor 

D) Ustrv a standard RS 232C **• recover. 


IV. CASSETTE STORAGE INTERFACE 

The last but by no mean* least of the enhancement* we should add to ZAP is a cas¬ 
sette Interface. With the keyboard and duplay. an operator will be able to write tone 
elaborate program* but, unless they are transferred into read-only memory storage, 
they will be lost when power Is turned off. Of course, the computer's power can be left 
on constantly. But what If you want to develop a second program that must occupy the 
same memory address space? The preferable solution b to have some medium that tem¬ 
porarily stores large memory blocks. 

In large computer systems, this capability b achieved through hard-disk and 9-track 
magnetic tape systems. These high-speed, high-volume media are beyond the personal 
computing budget, but their value in large systems b obvious. A low pnee. lower per¬ 
formance alternative b an audio cassette storage system. 

In general, a cassette storage interface consols of three mafor subsystems: a serial 
transmittcr/receiver; a hardware assembly that converts senal TTL data so it's audio 
cassette compatible, and an application program that keep* track of what's going out 
to tape and can load it back into the correct place. The bask configuration b illustrated 
in block diagram form in figure 5.15. 



Figure 5.15 A btcek diagram ot an aMc cassette storage system. 













The serial transmitter/receiver section is nothing more than the UART serial inter¬ 
face which we have already added. With MC1488 and 89 converters on its serial lines, 
it communicates via a RS-232C. However, if you attach a cassette interface to these 
lines, it can double as a storage device. An additional benefit » that serial data gener¬ 
ated by the UART will offer some compatibility between personal computing systems; 
standard data rates and standard serial communication protocol will promote this. 

The output of the UART is TTL. Even with the RS-232C drivers, the logic output is 
still a DC level. Because audio recorders cannot record DC, the UART output must be 
converted in some way. The solution is FSK (frequency shift keying). The TTL output 
from the UART is converted into audio tones. One frequency represents a logic 0, and 
a second represents a logic 1 . 

Figure 5.16 shows a circuit that will produce frequency shift keyed tones. A 480) Hi 
reference frequency is derived from the MC14411 data rate generator previously in¬ 
stalled. IC 2A and 2B function as a programmable divider chain. With a TTL logic 1 on 
the input 1C 2 divides the 4900 Hi by 2. giving a 2400 Hi output. When the input level 
is changed to logic 0, it divides by 4. producing a 1200 Hi output. The FSK frequencies 
are generated at a senal output rate of 300 bps and connected directly to the recorder 
through the microphone or auxiliary input. (These frequencies and data rate arc often 
referred to as the Kansas City Standard.) 


•»» 



Flflurt 5.16 A 300 bps setup Output 0 nv*/ to an auUO record* 


HO THE BASIC FBUTHIXAIS 


Celling the recorded tones off the audio tape requires the dreuit shown in figure 
5.17. In general, it consist* of a pair of band-pass filters and a voltage comparator. The 
recorder is set to an output level of approximately I V peak to peak. This level is not 
critical because it » amplified and limited as it passes through IC 1. IC 2 and IC 3 are 
band-pass filters with center frequencies of 2400 Hi and 1200 Hi, respectively. The 
output of 1C 1 is fed into both of them, but should be passed by only one. IC 4 com¬ 
pares the outputs of the two filters and generates a TTL logic 1 when a 2400 Hi tone is 
received and a logic 0 with a 1200 Hi tone. Tuning the interface will be explained later. 

The choice of the FSK frequencies and data rate are not left to chance. They are a 
function of receiver response speed and recorder bandwidth. Most cassette recorders 
have a frequency response of around 8 kHi. Less expensive units can be as low as 5 or 
6 kHi. It is unwise to try to record tones at this upper limit. The center of the frequency 
range offers more reliability, so the logic T FSK tone should be set less than 3 kHi 
(2400 Hi in our case). In addition. H takes time for the receiver to recognize a particular 
frequency. The circuit of figure 5.17 takes 2 or 3 cycles to respond. This means ihat at 
the low frequency erf 1200 Hi. each logic 0 bit will need 3 cycles at 1200 Hi to be recog¬ 
nized. 
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Figure 5.17 A 300 Cos serial Input receiver from an atfito 



If we consider a worst cxse condition of sending all zeros, the transmission rate 
would have to be slower than 400 bps to be accurately received. The closest standard 
data rate to this value is 300 bps. Raising the 1200 Hr tone to increase the transmission 
speed only complicates the filter design the closer it b to 2400 Hr. Thb interface has 
been tested at 600 bps but it requires precise alignment to achieve faster speeds. The 
low frequencies and moderate data rate are chosen specifically to increase the prob¬ 
ability of successful construction rather than to compete with high speed data storage 
systems. 

The final point to consider b the software that runs the hardware. The ZAP monitor, 
as it now stands, does not directly support a cassette interface even though it does han¬ 
dle all the serial housekeeping. Until you write the cassette driver into an EPROM, you 
will have to type in a short "bootstrap" program. To read the cassette, the logic of the 
program would follow the flow diagram in figure 5.18. 

First, a pointer b set in the H and L registers to designate where the cassette data will 
be stored in programmable memory and an address where it will end. Next, taking ad¬ 
vantage of the serial communication routine in the ZAP monitor, we simply call 
"SERIAL IN'* which returns with a byte of data from the UART. Thb byte is stored in 
memory, and the HI register pair b decremented and compared to a predetermined 
stop address. If not equal, it repeats the process of getting another byte of data. 

Storing memory b equally straightforward and b diagrammed in figure 9.19. Again, 
a pointer b set to the begtnmng and the memory area to be written to tape. Next, the 
"SERIAL OUT" routine b called from the ZAP monitor, which sends the byte of data 
to the cradle. Finally, the pointer b decremented and compared to the end address to 
see If more data b to be written. 

These are relatively easy routines to write and short enough that they may be 
squeezed into the few empty bytes within the ZAP monitor EPROM. Whatever the 
case, you will toon realize the versatility and capability that such a simple interface 
adds to a computer system. The 2 K of programmable memory on the bask ZAP will 
become resident program space while the cassette will be a potential megabyte file stor¬ 
age system for U. 



Figure 5.18 A flMCftarf ct software to read a cassette. 
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Flgurs S.19 A flowchart ol scttwara to writ* a cassette 


TUNING THE CASSETTE INTERFACE 

To (Mi the cassette Interlace. Il b necessary flnt to construct the circuit from figure 
5.16. Use a frequency counter to determine that the input to 1C 1. pin 5 b 4500 Hi. 
With no UART intuited, the frequency at pin 1 of 1C 2b should be 2403 Hz. Ground¬ 
ing IC 2b, pin 1 thould change thit output to 1200 Hr. In both cito. voltage* of 1 and 
0.1 V thould be present on the cassette auxiliary and microphone inputs respectively. 

The receiver uses the frequencies generated by the output section previously de¬ 
scribed to set the calibration. With the output tection tel to 2400 Hi. attach a lumper 
from the output Interface to the input of the receiver circuit (figure 5.17). Using an 
oscilloscope, check that the waveform at IC 1. pin 6 b a square wave of 2400 Ha. Next, 
with the scope attached to IC 2. pin 6, ad|u$t Rl until the voltage at that point is max¬ 
imum. Moving the scope probe to IC 3. pin 6. and changing the input frequency to 
1200 Hz. repeat the procedure by adjusting R2 until the voltage peaks. 

R3 sets the point at which the comparator switches between logic levels when the in¬ 
put frequencies change. The proper way to set thb b to use a function generator on the 
input and set R3 to switch at exactly 1500 Hz. The result should be clean logic level 
switching at 1C 4, pin 6, as the frequency b cycled between 1200 Hz and 2400 Hz. Gen¬ 
erally speaking, the comparator setting b not especially critical. 





CHAPTER 6 

THE ZAP MONITOR 

SOFTWARE 


The function of an operating system is to provide the programmer with a set of tool* 
to help him in developing, debugging and executing a program. In general, the operat¬ 
ing system assists the programmer by managing the resources of the computer, and by 
eliminating his involvement with repetitive machine-code manipulations. Operating 
systems span a broad spectrum of complexity. Small systems, for example, provide 
only a rudimentary means for a programmer to enter and read 5-bit data from mem¬ 
ory: large systems, on the other hand, can dynamically manage the allocation of all 
memory and peripherab. 

Large systems allocate computer resources to more than one user in a multiprogram¬ 
ming. multitasking, or a time sharing environment. A system of this magnitude far ex¬ 
ceeds the capabilities of the computer described in this book. This being the case, what 
would be a suitable operating system for the ZAP computed As previously stated, the 
objective of an operating system b to manage the resources of the computer. The ZAP 
computer described in the previous chapters, and enhanced with the minimum periph¬ 
erals, contains the following resources: 

• ZSO microprocessor 

• 1024 bytes of EPROM memory 

• 1024 bytes of programmable memory (2048 optional) 

• Nineteen-key keyboard 

• Two-character data display 

• Four-character address display 

• UART for senal I/O 

The operating system must provide access to these resources and give the user a way 
to manage them during execution of programs. The operating system designed for ZAP 
will include the following facilities and functions: 

1. Cold start 

2. Warm start 

3. Memory display and replace 

4. Register display and replace 

5. Execute (begin program execution at a 
designated point) 

6. Serial input and output 

Each will be explained in detail concerning its functions and program implementa¬ 
tion. 

I. OPERATING SYSTEM FUNCTIONS 
Cold Start Operation 

The operating system must be available immediately after power is applied to 



the computer. In the past, some systems provided this capability by storing, in 
read-only memory, a small “bootstrap" routine. This bootstrap routine was then 
used to load the operating system into memory' from another device, such as a 
paper-tape reader or a cassette recorder. New technology eliminates this tedious 
step. The operating system for your computer resides permanently on the 
EPROM (erasable-programmable read-only memory) chip and is ready to be ex¬ 
ecuted as soon as power is applied and the "RESET" button is pressed. The 
depression and release of the “RESET" button sets the 280 PC (program counter) 
to aero. 

With the next machine cycle, the processor begins execution of the instruction 
located at CO„ (location 00 hexadecimal) in memory. The operating system of the 
280 microprocessor provides the instructions to begin execution. This particular 
series of program instructions constitutes a "cold start" procedure and establishes 
the required start up conditions for the operating system. The operating system 
then initializes the SP (stack pointer) to an area in programmable memory for 
maintaining the "push-down/pop-up" stack. This stack is required for execution 
of any of the "RESTART" and "CALL" instructions provided by the Z80 instruc¬ 
tion set. If it were not initialized before the execution of a "CALL" or RESTART 
instruction, the effects of the instruction would be unpredictable. In this 
operating system, the stack pointer is set to programmable memory location 
07C4,.. 

Warm Start Operation 

After initializing the SP address, the operating system enters a command 
recognition module. Before discussing this feature of the operating system, some 
of the other restart features should be explained. The Z90 gives the user eight 
address-vectored “RESTART instructions (see Chapter 3 for a description of the 
Instructions). For example, the execution of a RST 08,. will store the current PC 
on the "STACK" and program execution will begin at location 08,.. 

The following "RESTART" instructions are available within the operating 
system: 


RST 

10.. 

RST 

10,. 

RST 

20,. 

RST 

28.. 

RST 

30.. 

RST 

38.. 


The execution of any of these instructions causes the operating system to jump 
to a location in pro gra mmable memory. At that location the user executes a jump 
instruction to vector the computer to a new location. 

RST 00., and RST 08,. have been reserved for use by the operating system for 
special functions and will not result In a jump to a location in programmable 
memory. These two RST instructions can be utilized in the debugging of pro¬ 
grams. RST 00,. will perform the same function as pressing the "RESET" button; 
or it will reinitialize the stack pointer and enter the command recognition module 
through execution of the "cold start" routine. 

The execution of a RST 08,. by the Z80 will result in the "warm start" module 
being entered. This module saves the existing data in all the registers in the "regis¬ 
ter save area" located in programmable memory (see the listing of the ZAP oper¬ 
ating system in Appendix D). The module will also extract from the stack the 
user's restart address and savr this in the register save area. The operating system 
then enters the command recognition mode to wait for the next command. The 
use of this feature allows the programmer to save register, pointer, flag, and pro¬ 
gram counter data, prior to using any additional debugging features in the oper¬ 
ating system. A detailed description of the "warm start" module is provided in 
section 11.2 of lha chapter. 
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Program Development and Debugging Services 

The cold start and warm start procedures exit to the command input sequence. 
With these command procedures, the programmer rs able to examine and replace 
data in memory or registers, and to begin execution at a user-specified location. 
Upon entry to the command input module, the operating system displays "FFFF" 
on the address section, and "FF" on the data section of the six character hexa¬ 
decimal LED display. The user then implements one of the three command func¬ 
tions by holding down the -SHIFT key and pressing the "0." ~l.~ or ~2~ keys. A 
“SHIFT 0“ (the SHIFT key and 0 key are pressed simultaneously) tells the 
operating system to enter the memory display and replace function; “SHIFT 1” 
enters the register display and replace function, and a "SHIFT 2“ enters the go ex¬ 
ecute module. 

Memory Display and Replace 

The memory display and replace function allows the user to examine the con¬ 
tents of both read-only memory and programmable memory. During operation 
the address and the contents of that location are shown on the respective dis¬ 
plays. 

The memory display and replace function is entered by executing a 'SHIFT 0" 
when the system is in the command recognition mode (address display - FFFF 
and data display - FF). At this time, the operating system is waiting for the user 
to enter an address of one to four hexadecimal digits from the keyboard. As 
entered, these shift into the display area sequentially. U more than four digit* are 
entered, only the last 4-digit value (shown in the address display) will be used as 
the address. Inputting of address data »terminated by pressing the "NEXT key. 
This causes the contents of the indicated address to be displayed on the two digit 
hexadecimal data display. If the user wishes to display subsequent memory loca¬ 
tions, he need only continue pressing the "NEXT key. This will step the memory 
display program to the next higher memory location and display the new address 
and memory contents. If the user wishes to change the contents of a displayed 
memory location, he may enter new data by typing a two-digit value for that 
location before hitting the next key. This new value is loaded into the indicated 
address when the “NEXT" key b pressed. Pressing the “NEXT key continues the 
sequential display of address and data. 

Termination of thb function b accomplished by pressing the "RESET or 
"EXEC" buttons. Control is returned to the command recognition portion of the 
operating system. 


Display Memory Example 


Key 

Address Display 

Data Display 


FFFF 

FF 

“SHIFT 0“ 

CfOO 

FF 

1 

0W1 

FF 

A 

CC1A 

FF 

F 

01AF 

FF 

“NEXT" 

01AF 

01 

"NEXT 

01B0 

1C 

“RESET 

FFFF 

FF 


Memory Replace Example 


Key 

Address Display 

Data Display 


FFFF 

FF 

"SHIFT 0“ 

occo 

FF 

4 

<X©4 

FF 

0 

CC40 

FF 

0 

0400 

FF 
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"NEXT 

0400 

01 

2 

0403 

02 

1 

0403 

21 

"NEXT” 

0401 

05 

6 

0401 

06 

A 

"EXEC” 

0401 

6A 

Utswillbe: 

Address 

0400 

0401 

Data 

21 

6A 


Register Display and Replace 

The register display and replace function allows the user to examine and 
change the contents of the saved ZfQ registers. This b accomplished by executing 
a RST 1 (warm start) during the execution of the program. During execution of 
this function, the contents of the registers are shown on the address display. 
Eight-bit registers will be displayed on the lower two digits of the address display. 
(The upper two digits will be reros during the display of 8-blt registers.) A code 
that indicates which register b bring displayed b shown on the data display. 
Table 6.1 describes the codes that have been assigned to the register display and 
replace function, as well as the key that initiates a particular register display se¬ 
quence. 


Code ZtO Register Initiating Key 

(shown on data display) (shown on address display) 


02 

IX 

2 

03 

!Y 

3 

04 

SP 

4 

05 

PC 

5 

06 

1 

6 

07 

R 

7 

08 

L 

8 

09 

H 

9 

0A 

A 

A 

0B 

B 

B 

OC 

C 

C 

OD 

D 

D 

0E 

E 

E 

OF 

F 

F 

40 

L‘ 

"SHIFT 

41 

H 

SHIFT 

42 

A' 

"SHIFT 

43 

B' 

"SHIFT 

44 

C 

“SHIFT 

45 

D" 

“SHIFT 

46 

E* 

"SHIFT 

47 

F 

"SHIFT 


Table 6.1 Ouctay code'780 re^-e//touting *e» correspondent* 


The register display and replace function is entered by pressing a "SHIFT 1" 
when the system b in the command recognition mode (address display - FFFF 
and data display “ FF). At this time the operating system is waiting for the pro¬ 
grammer to enter the one-digit register code (see table 6.1). If more than one digit 
b entered, only the last code indicated on the data display will be used as the reg- 
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islcr identifier. When the central processor detects that the "NEXT" key has been 
depressed, the contents of the indicated register are displayed on the address dis¬ 
play. 

If the user wishes to display subsequent registers he need only press the 
"NEXT' key. This causes the next reg»ler to come up with the register code and 
its contents. To change the contents of a displayed register the value a entered 
and loaded when the "NEXT" key is pressed. For 16-bit registers, the last four 
hexadecimal digits will be accepted if more than four characters have been 
entered. For 8-bit registers the last two hexadecimal digits will be accepted. When 
replacing register data, the "NEXT" key also causes the register code to be in¬ 
dexed to the next register (see table 6.1) and its contents to be displayed. 

The user may terminate this function by pressing the "EXEC" key. Control is 
returned to the command recognition portion of the operating system. 


Display Register Example 


Key 

DaU Display 

Address Display 


(register code) 

(register contents) 


FF 

FFFF 

"SHIFT r 

00 

FFFF 

A 

0A 

FFFF 

"NEXT" 

0A 

005C 

-NEXT" 

OB 

0063 

"RESET 

FF 

FFFF 


Register Replace Example 


Key 

Data Display 

Address Display 


(register code) 

(register contents) 


FF 

FFFF 

"SHIFT 1" 

00 

FFFF 

5 

05 

FFFF 

-NEXT" 

05 

043A 

4 

05 

0004 

2 

05 

00*2 

C 

05 

042C 

"NEXT- 

06 

00FF 

NEXT" 

07 


"EXEC" 




Go Execute ("EXEC") 

The "go execute" ("EXEC') function allows the user to change the contents of 
the PC (program counter) register in order to direct execution of instructions at 
the user-selected address. 

The "go execute" function a entered by pressing a "SHIFT 2~ when the system 
is in the command recognition mode. Now the user must enter an address of one 
to four hexadecimal digits. If more than four digits are entered, only the value 
shown in the address display is used as the address to begin program execution. 
Execution begins when the "NEXT" or "EXEC" keys are pressed. This causes the 
Z80 registers to be stored in the register saw area (see the operating system listing 
in Appendix D) and execution begins at the user-specified address. 
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CO EXECUTE Example 


Key 

Address Display 

DaU Display 


FFFF 

FF 

-shift r 

oooo 

FF 

1 

COD1 

FF 

A 

001A 

FF 

c 

01 AC 

FF 

F 

-NEXT 

1ACF 

FF 

or 



“EXEC 




Serial I/O Service* 

The ZAP computer include* a serial Input/output capability that i* Imple¬ 
mented with a UART. This interface allow* serial communication between the 
computer and peripheral devices such as a printer or a CRT. To aid the user in 
utilizing this capability, the operatmg system has a UART diagnostic module, a 
serial input module, and a serial output module. The input and output modules 
are set up as subroutines that can be called during program execution and that are 
not necessarily keyboard and display limited. 

UART Diagnostic Module 

The UART diagnostic module provides a means for checking the performance 
of the UART. To utilize this feature the user must first attach the serial output 
and input lines together so that daU output from the UART may be read by the 
same device. The serial diagnostic subroutine is initiated by using the "go 
execute' function. Execution starts at 032D„. 

Once started, the diagnostic module (UATST) begins by sending data to the 
UART and waiting for data to become available. The status of the UART is 
checked to verify that no fault conditions arc present. In the event that a fault is 
detected, the status of the UART is displayed on the two low-order digits of the 
address display. (See table 6.2 for error codes.) If there are no errors, the data is 
read and displayed on the tw©digit-data display. A comparison is made between 
the input and output data. If the 2 bytes are equal, the output character is incre¬ 
mented and another byte is sent t o the UART to continue the sequence. This pro¬ 
cedure continues until the T*ESET" button is pressed, or until an error is 
detected. In the event that the input character does not equal the output charac¬ 
ter, a OF,, b displayed in the two lower digib of the address display and the 
diagnostic is halted. Figure 6.1 details the logic flow of this software routine. 


Displayed Code 
12,. or 13,. 
OAi. or 0B,« 
06,. or 07,. 

CO 

OF* 


Error 

Parity Error 
Framing Error 
Overrun Error 

Transmitter Buffer Not Empty 
Input Character # Output Character 


Tabl* 6.2 UART error ccCes. 
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Figure 6.1 A flo*crx/r 0 1 tho UART tfagroMC moOM (UATSTJ 


Serial Input Module 

The serial input module ha* been included *o the user can read serial data from 
external devices. To utilize this capability, the user must set aside a program¬ 
mable memory buffer where the input data a to be stored, and designate the 
number of Input character* expected. The input buffer address is stored at address 
07F9„ in memory (see Appendix D). and the number of characters is stored at ad¬ 
dress 07FD„. The communication reception begins when the TTYINP module is 
called. 


TTYINP 

BUFFER 

NCHAR 

TTYIBU 

TTYIC 


Serial Input Initiation Example 


EQU 035F* 

EQU 07F9,. 

EQU 80 
EQU 07F9,« 

EQU 07FD.. 

ID HL, BUFFER 
LD (TTYIBU). HL 


Address of input module 

Input buffer address 

Number of characters to be received 

Operating system address constant 

Operating system address constant 

Set buffer for operating system 




LD A. NCHAR 
LD (TTYKT). A 
CALL TTYINP 


Set character count for operating system 
Call UART serial input routine 


The data read by the serial input module will be stored in the user-specified 
buffer until the input sequence is terminated. When this occurs, control is re¬ 
turned to the user's program at the next instruction. Termination of the input pro¬ 
cess may be due to any of the following conditions: 

• A status error is detected 

• The number of characters read equab preset count 

• The receipt of a carriage return as an input 
character (ASCII OD*) 

In the event that a status error h detected, the A register will be equal to 80„ 
when control b returned to the user. If termination results from filling the charac¬ 
ter buffer correctly, the A register will be equal to 00„. However, il termination is 
the result of a carnage return, the A register will be equal to the number of char¬ 
acters remaining to be input. Figure 6.2 details the logic flow of the TTYINP soft- 



i!fl IMS MP MCMIOR 


Copyrighted material 



Serial Output Module 

The serial output module is provided to assist the user in communicating serial 
output data to external devices. To use this module, the operator designates an 
output data butler address and the the number of characters (bytes) to be trans¬ 
mitted. The output buffer address must be stored at 07TB,. in memory’ (see Ap¬ 
pendix D) and the number of characters to be sent is stored at address 07FE„. 
Data transmission starts when TTYOITT is called. 

Serial Output Initiation Example 
TTYOUT EQU 039E,, Address of output module 

BUFFER EQU 07FB,. Output buffer address 

NCHAR EQU 35 Number of characters to be transmitted 

TTYOBF EQU 07FB„ Operating system address constant 

TTYOC EQU 07FE„ Operating system address constant 

ID HL. BUFFER Set buffer address for operating system 
LD (TTYOBF). HL 

LD A. NCHAR Set character count for operating system 
CALL TTYOUT Call UART serial output routine 

Control will be relumed to the user when 

• The output buffer is empty 

• The transmit bullet does not become available, 
indicating an error 

In the event that a normal termination ocean, the A register will be equal to 
00,. when control is returned to the user. However, if a premature termination 
and return are required, the A register will be equal to 01*. Figure 6.3 details the 
logic How of the serial output software module. 
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II. Operating System Module Description 


0.1 Warm Start Module 

The warm start module (WARMl) is responsible for saving all 280 registers in 
the register save area allocated in the reserved portion of programmable memory 
(see Appendix D). Upon entry, the user's A. H, and L registers are saved to pro* 
vide working registers for the remainder of the module operation. Next, the user's 
PC is removed from the stack and is saved in the memory locations reserved for 
U. 

The AF register pair is pushed onto the stack and popped off into the HL regis¬ 
ter pair. This procedure enables the (lag register to be saved in the register save 
area. The remainder of the user's working and alternate registers are examined 
and transferred to the register save area. Upon completion of this task, the 
module exits to the command recognition module. (See Appendix D for addi¬ 
tional details.) Figure 6.4 details the logic flow of the warm start module. 



Flyura 6.4 A floneftarr ol the warm sort nodule (WARM J. 
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II.2 Command Recognition Module 

The command recognition module (YVARM2) is entered after the completion of 
a cold or warm start sequence. When initialed, the module dean the keyboard 
input buffer and the keyboard flags. This removes ambiguity for future opera¬ 
tions. The module will set the data display to FF and the address display to FFFF. 
When completed, the module enters the KEY1N subroutine to get an input charac¬ 
ter from the keyboard. Any input character is checked to see if it corresponds to 
one of the three allowable functions. If so. control is transferred to the proper 
function; otherwise, the input «s ignored and the module waits for the next input 
from the keyboard. (See Appendix D for additional detail*.) Figure 6-5 illustrates 
the logic flow o( the command recognition module. 



Figure 6.5 A fOvsefiarf ot tPe command reccsnioan mwSAe (Y/AMIZ 1 











□.3 Res Ur t Module 

The restart module (RESTRT) takes the value* stored in the programmable 
memory register save area. It then restores the user”s 8- and 16-bit registers before 
returning control to the location specified in the PC save area. This procedure 
restores the alternate registers, and then the working registers. In either instance, 
the flag regist e r* are restored by pushing the data onto the stack and then popping 
if off to the F register, in order to exit to the user's restart address, the saved PC is 
pushed onto the suck and a ‘RET' (return instruction) is executed. (See Appen¬ 
dix D for additional details.) Figure 6.6 details the logic flow of the restart 
module. 



Flflur* 6.6 A ftn%c6arr o> the restart mrtJe (RESTRTy 
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n.4 Keyboard Input Module 

The keyboard input module (KEYIN') provides the primary interface between 
the computer and the user. Upon entry, it begins to read data from the keyboard 
input port. It stays in a loop, checking (he MSB (most significant bit) of the data. 
The MSB is the key-pressed strobe. When it goes to a logic one level, the seven 
LSBs (least significant bits) of the keyboard input port are retained as the desired 
input character. The module then returns to the users program with the key¬ 
board character in the accumulator. (See Appendix D for additional details.) 
Figure 6.7 details the logic flow of the keyboard input module. 



Figure 6.7 A ftowenart ot w* keytoara no* moOJt, (KEVIH) 







0.5 On* Character Input Module 

The function of this module (ONECAR) is to input one or more characters 
from the keyboard. This module also indicates the last character and whether it 
was accompanied by a "NEXT" or 'EXEC" key. 

Upon entry, the input buffer and keyboard flags are cleared. (The data display 
may or may not be cleared depending on the requirement! of the calling module.) 
The module waits for an input character to be passed to it. When it receives a 
character, it checks to see if it is a "NEXT" 'EXEC", or valid data. In the event 
that the input is a "NEXT* or "EXEC*, the appropriate keyboard flag is set along 
with the no data flag and control relumed to the user (see figure 6.8). 

If an invalid data character is received, the module is reinitiated. Upon receipt 
of valid data, the data b stored in a 1 -byte input buffer, and the module waits for 
the neat input character. This character » processed in a manner similar to the 
one just described with the following exception: in the event that the input char¬ 
acter b a "NEXT - or EXEC", only the appropriate flag b set before returning 
control to the user. (See Appendix D for additional details.) Figure 6.9 shows the 
logic flow of the one character input module. 
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Figure 6-9 A flo*C/>a'r of tfw one CAftCK' input module (ONECAR) 



II>6 Two Character Input Module 

The function of this module (TWOCAR) is to input one or more character* 
from the keyboard and transfer to the user the last two character* when a 
“NEXT* or "EXEC* key is pressed. The module also notifies the user of the type 
of termination that took place. 

Upon entry, the input buffer and keyboard flags are cleared. (The data display 
may or may not be cleared depending on the requirements of the calling module.) 
This module calls the keyboard input module to obtain its input daU. The first 
character is checked to determine if it is a "NEXT" or TLXEC'; the appropriate 
keyboard flag is set along with the no data flag, and control is r et ur ned to the user 
(see figure 6.8). If an invalid character is received, the module is reinitiated. 






The receipt of valid data will came the module to format the data as a two-digit 
value in the keyboard input buffer. It then return* to the user with the ap* 
propnate flags set. (See Appendix D for additional details.) Figure 6.10 details the 
logic flow of the two character input module. 



Figure MO a flowchart of thermo character moot module (TWOCAR). 


11.7 Four Character Input Module 

The function of this module (FORCAR) i* to input one or more characters from 
the keyboard and to transfer to the user the last four characters when a 'NEXT" 
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or "EXEC' key is pressed. In the event that less than four characters are input, the 
higher order digits will be set to zero. The module also notifies the user via the 
keyboard flags (see figure 6.8). 

The operation of this module is very similar to the two character input module. 
The main difference lies in the manner in which the new data (input from the key¬ 
board) is merged into previous input data from the keyboard. (See Appendi* D 
for additional details.) Figure 6.11 shows the logic flow of the four character in¬ 
put module. 
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U.8 Memory Display and Replace Module 

The memory display and replace function is one of the three ma|or modules of 
the operating system. Upon entry (see command recognition module), this 
module (MEMORY) makes a call to FORCAR (four character input module) to 
get the base memory address at which to begin displaying the memory contents. 
When it returns from FORCAR. the keyboard flags are examined to determine if 
the "EXEC flag is set (-1). In the event that the "EXEC' flag is set, control is 
transferred to the restart module (RESTRT). If the "EXEC" flag it not set (-0), 
the address location and memory contents are output to the appropriate displays. 
The TWOCAR (two character input module) is called to obtain new data from 
the displayed memory location. 



Figure 6.12 A flo-cnarr or me memory display aod replace nxxJote (MEMOtY). 


THE ZAP MCM1TCB SCfTWAM 


Copyrighted material 





When control is relumed from TWOCAR. the module checks the "no data" 
flag in the keyboard flag word. If this flag is set (-1), the "EXEC* flag is exam¬ 
ined. If that is set, control is transferred to the command recognition module 
(WARM2). If. on the other hand, the "EXEC" flag is reset (-0). the user's 
memory address is incremented, displayed on the address display, and its con¬ 
tents are displayed on the data display. 

If, on return from TWOCAR. the "no data" flag is reset (—0). the nets’ data is 
extracted from the keyboard input buffer and stored in the displayed memory 
location. At this time, the module determines if TWOCAR was exited via an 
'EXEC" or "NEXT" directive. In the event that the "EXEC flag is set (-1), con¬ 
trol is transferred to the command recognition module (WARM2). If. however, 
the flag is reset < - 0 ), the user’s memory address is incremented, displayed on the 
address display, and its contents are displayed on the data display. Then the two 
character input module b called to get the next directive for the memory display 
and replace module. (See Appendix D for additional details.) Figure 6.12 shows 
the logic flow of the memory display and replace module. 

II.9 Register Display and Replace Module 

The register display and replace module (REG 1ST) b one of the three major 
modules of the operating system. This module calls the ON'ECAR (one character 
input module) to get the initial regbter display code from the user (see table 6.1). 
Upon return from ON'ECAR. the EXEC flag is checked. If this flag b set (-1). 
control is transferred to the command recognition module (WARM2). If the 
"EXEC" flag is reset (-0). the base register display index b calculated from the 
user's regbter display code. 

At this time, the regbter index b checked to see if the register request is an ft- or 
16-bit register. If the user requests a 16-bit register, the appropriate register code 
is displayed in the data display, and the requested register daU is obtained from 
the register save area and displayed in the address display. The module then 
makes a call to the FORCAR (four character input module) to gel new data for 
the register. Upon return, the "no data" flag b checked. U this flag b set and the 
"EXEC" flag b set. control b transferred to the RESTRT (restart module). If the 
"no data * and "NEXT' flags are set. the regbter display index b Incremented and 
displayed In the data display The new register data b obtained from the register 
save area and displayed on the address display. 

If an 6-bit register has been requested, the regbter code (see table 6.1) U dis¬ 
played in the data display, and the appropriate data b obtained from the register 
save area and displayed on the address display. At this time, the module c all s 
TWOCAR to get new data from the dbplaytd register. When the two character 
Input module returns control, the module determines the mode of execution by 
examining the keyboard flags. If the "no data" and "EXEC" flags are set. control 
1$ transferred to the command recognition module (WARN12). If the "no data" 
and "NEXT’ flags are set. the regbter index b incremented and the regbter con¬ 
tents channeled to the appropriate display. 

If the "no data” flag b reset, the new regbter data b obtained from the key¬ 
board input buffer and stored in the appropriate register save location. At this 
time the "EXEC" flag b checked and. if set. control b transferred to the command 
recognition module (WARM2). If the EXEC" flag b reset, the register data b dis¬ 
played and the user directive processed. (See Appendix D for additional details.) 
Figure 6.13 details the logic flow of the register display and replace module. 
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Figure 6.13 A flo-cAa/T of the repst* GWctey vxJ ”&XC moM (REGIST) 
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11.10 Go Execute Module 


The go execute module (GOREQ) is the last of the three major functions of the 
operating system. Upon entry (see command recognition module), this module 
calls FORCAR to get the address where execution is to begin. Upon return from 
FORCAR, the "no data" flag is examined to determine the mode of execution. If 
this flag is set (-1). control is immediately transferred to RESTRT. This restores 
the ZBO registers and resumes execution at the PC address currently contained 
from the keyboard input buffer and stored in the PC save location in the register 
save area. Control is then transferred to the command recognition module 
(WARM2) which will restore the registers with the saved data, and begin execu¬ 
tion of the user's program at the specified address. (See Appendix D for addi¬ 
tional details.) Figure 6.14 details the logic flow of the go execute module. 



Figure 8.14 A flovscAart oUM go execute modu* (COftfQ) 




CHAPTER 7 
PROGRAMMING AN 
EPROM 


The ZAP computer has been designed to be inexpensive, reliable, and easy to con¬ 
struct. To keep costs and complexity to a minimum, some computer features that could 
be helpful to a beginner have been eliminated. The most visible of the missing features 
are a front panel and display. While this in no way detracts from the operation of the 
computer, its inclusion would make initial checkout and program development easier. 

To properly test ZAP, a program must be in memory. This program does not have 
to be very long—only a few instructions are necessary to determine whether the com¬ 
puter runs at all. The problem arises when the user wishes to run a program of SO or 
100 bytes in length. We end up with a "catch-22" situation. To effectively enter ma¬ 
chine code into ZAPs programmable memory, a program that coordinates this activity 
must be running in EPROM. Such a program is called a monitor and b outlined in 
Chapter 6. The catch is that writing the monitor software into an EPROM automatical¬ 
ly requires the monitor to be running the programmer. Fortunately, if one has an alter¬ 
nate way of writing the 1 K ZAP monitor into EPROM, this b no longer a problem. 

Rather than leaving the experimenter to his own devices, this section includes infor¬ 
mation on programming EPROMs. To solve the startup situation. I've outlined a de¬ 
sign for a couple of manual EPROM programmers. Loading programs on a manual 
programmer is tedious. They are primarily intended for much shorter routines such as 
checking basic system operations. However, one manual unit can be modified to load 
the full 1 K monitor software. When ZAP b fully operational, you can use it in con¬ 
junction with an automatic programmer. This will help in writing a number of 
EPROMs. In the event that you do not wish to write your own EPROM, consult Ap¬ 
pendix A for the availability of preprogrammed EPROMs. 

A Quick Review of EPROMs 

It is often desirable to have the non-volatility of ROMs but the read/write capa¬ 
bilities of semiconductor programmable memories. An effective compromise b the 
EPROM. This Is a read-mostly memory. It is used as a ROM for extended periods of 
time, occasionally erased and reprogrammed as necessary. Erasure b accomplished by 
exposing the chip substrate, covered by a transparent quart! window, to ultraviolet 
light. Well cover erasure at the end of thb chapter. 

The EPROM memory element used by Intel and most other manufacturers is a slored 
charge type called a FAMOS transistor (Floating-gate Avalanche injection Metal Oxide 
Semiconductor) storage device. By selectively applying a 25 V charging voltage to ad¬ 
dressed cells, particular bit patterns that constitute the program can be written into the 
EPROM. Thb charge, because it b surrounded by insulating material, can last for 
years. Exposure to intense ultraviolet light drains the charge and results in the erasure 
of all programmed information. 

There are many EPROMs on the market—2708s. 2716s. and 2732s are the major 
ones. For the most part, com put crisis have moved away from the very difficult-to- 
program 1702s and have opted for the more easily programmed 2706s and 2716s. An 
added benefit b their greater storage density. The newer EPROMs on the market are 
considerably more expensive than the 2708. All things considered, the 2708 is the best 




buy foe the money. At lightly greater expense. you could we the 2758 for a single sup¬ 
ply operation. For these reasons, the EPROM programmer outlined in this chapter is 
the 2708. 

Figure 7.1 is the circuit for a manual 2708 programmer. IC 5 and two sections of 1C 3 
provide the +25 V program pulse to the EPROM. 1C 5 is set for a duration of 1 ms and 
is triggered by a logic 0 to 1 transition at its input. The EPROM both sources and sinks 
current through programming pin 18. A combination of devices rather than a simple 
open-collector driver is necessary. In the write mode, when CS'WE pin 20 is at 
+12 V and between programming puke*, pin 18 has to be pulled down by an active 
device because it sources a small amount of current. The programming puke itself is 
about 30 mA and cannot easily be accommodated without emitter-follower configured 
Ql. This puke should be between 23 and 27 V at pin 18. Three 9 V battenes will suf¬ 
fice. (An alternative is to use a commercial encapsulated 24 V, 50 mA power supply. 
The encapsulated supply can be resistor trimmed to produce the desired 25 to 27 V.) 

To write a byte into the EPROM, a 10-bit address designating which of the 1024 
bytes will receive the data is preset on switches SW 1 thru SW 10. To start at location 
0. all switches will be in the doted position. Next, the 8 bits that are to be stored arc set 
on switches SW 12 thru SW 19. This data byte should be reflected on the output dis¬ 
play LED 1 thru LED 8. Finally, to get the programmer in the write mode, switch 
SW 11 is set open. Actual insertion of the data occurs when the write pulse pushbutton 
PB 1 is pressed. This fires a I ms pulse of 25 V into the 2708 program pin. According to 
manufacturers specifications, no single programming puke should be longer than 
1 ms. For maximum data retention. 100 of these programming pulses are recommended 
(totalling 100 ms per byte). 

Unfortunately, 100 ms cannot be applied to a single address all at once. Manufac¬ 
turers specify that it should be done sequentially and should consist of 100 1 -ms ap¬ 
plications. In short, it means that for a 25-byte program, each address should be writ¬ 
ten with one puke and then the loop repeated up to 100 limes. I have never tried to 
lengthen the puke and program a 2700 faster than called for. Experience has shown, 
however, that some EPROMs are completely written with as lew as 2 or 3 loops. Ob¬ 
viously, for full retention each address should be rewritten on an automatic program¬ 
mer. 

Reading back the stored contents of a 2708 is easy on the same manual programmer. 
First, all data input switches SW 12 thru SW 19 are opened io the “T state and then 
“rrad'wTite - switch SW II ia set in the <low'd or “read" mode No other puking or 
docking b necessary. The output display will show the contents of the byte pointed to 
by the address input switches SW 1 thru SW 10. It will remain constant until set to 
another addrrss Reading out the content* n simply a matter of incrementing this 10-bit 
address through the range of program addresses. 

A slightly more complex manual programmer is demonstrated in figure 7.2. Three 
presettable counters are inserted between the address input switches and the EPROM. 
Instead of changing the switch positions for each address, they are now used only to 
preset the counters to some beginning address. If we want to program an EPROM start¬ 
ing at hexadecimal 3AA. the switches would be set to that address and the "addrrss 
preset" switch pressed. The 10 LEDs. LED A0 thru LED A9. would read 3AA as the ad¬ 
dress. The data to be programmed b set on SW 12 thru SW 19. Pressing the "write 
data" push button PBl (the renamed "address Increment") stores the data from the 
switches. Successive memory locations are programmed by setting SW 12 thru SW 19 
and pressing PBl. Resetting the addrrss counter to aero is accomplished by pressing the 
dear button. 

It b easy to see how this manual programmer, while not greatly improving program¬ 
ming time, facilitates reading memory. Put all the data input switches to the logic 1 
level, set the interface to the read mode, and preset and load a start address. Readout is 
accomplished simply by repeated operation of the address increment button. 


An Automatic Programmer 

You will need an operational ZAP computer to build an automatic programmer. The 
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Flgura 7.1 A sc/wnotic ifiagram ot a 







complexity of design can be reduced considerably by taking advantage of decoded, but 
to this point unused, I/O strobes provided in the basic ZAP. The dreuit shown in 
figure 7.3 takes three less chips than the manual programmer in figure 7-2. Its opera¬ 
tions, while similar in operation, are quite different in detail. 

Four I/O strobes (input and output port 1, and input and output port 4) synchronize 
the hardware and software. Figure 7.4 shows the logic flow for writing an EPROM. 
With the EPROM connected directly to the data bus. only the strobes, rather than full- 
latched registers, are necessary for this interface. 

To write data, the sequence should be as follows: first, an OUT 04 pubes the address 
counter clear lines, setting them to 0. Next, the EPROM is set to the program mode, 
and the first byte is wntten into the EPROM with an OUT 01 instruction. 

Figure 7.5 shows how the 2708 program mode is selected. The significance of this cir¬ 
cuit is that its output is wired as a 2 -bit digiul-to-analog converter to control the chip- 
select line of the 2708. 

When an OUT 04 is executed, the CS pin will see 0 volts enabling the read mode. 
When an OUT 01 is executed, this voltage will be 12 V for program mode. When no 
strobe is present. C§ will be at +5 V and the 2708 will be three^tate. 

An OUT 01 fires the 25 V program pulse for 1 ms while the pertinent data is on the 
data bus. After that, an INP 01 is executed, which increments the address counter to 
the next address position. We are not actually doing any input function, but instead we 
are using the decoded strobe of the INP 01 instruction to mean 'increment address reg¬ 
ister." 

The hardware automatically keeps track of the address, but the software must imple¬ 
ment its own counters to keep track of the 0 to 1023 positions as well as the number of 
times the complete 1024 bytes have been programmed. Remember, the manufacturer 
suggests 100 1 -ms loops. 

Reading the EPROM automatically b also very simple. A flow diagram of the logic b 
shown in figure 7.6. The address counter is cleared again by doing an OUT 04. Data b 
read by executing an INP 04. Thb data can be stored and analyzed. Finally, the address 
counter is incremented again with an INP 01, and the process b repeated to read the 
next byte. 

While discussion has centered on the Intel 2706 EPROM as the most cost-effective 
choke, there are many other EPROMs on the market. Two devices of particular impor¬ 
tance (should their price and availability improve by the time you read thb) are the 
Intel 2758 and 2716. These are 1 Kand2 K single supply (4-5 V) EPROMs, respective¬ 
ly. The significance for the experimenter b that these parts can be programmed with a 
single. 50 ms, 25 V program pulse to each address rather than successree 1-ms loops. 
The three programmer circuits presented are set up for 2706s but can be easily recon¬ 
figured for these other devices. Changing the one-shot timing puhe from 1 ms to 50 ms 
and rewiring a few pins will allow complete programming with just a single run 
through the addresses (they don't have to be successively programmed, either). 


Erasing An EPROM 

EPROMs bought directly from a manufacturer come completely erased. If you plan 
on writing an EPROM program once, and you either don't want to modify it or you 
don't make mistakes, forget about erasing. The majority of computerats will want to 
reprogram EPROMs. It then becomes necessary to know how to erase them. We all 
know that EPROMs are ultraviolet erasable. However, duration, distance from the 
light source, and intensity determine the quality of the erasure. 

People concerned about maintaining a manufacturer's specifications during the pro¬ 
gramming sequence should also be advised of the proper erasing methods. Unlike the 
test read-after-write-loop method for programming. EPROMs are usually removed 
from the dreuit during erasing. Therefore, it b advisable to perform the procedure cor¬ 
rectly. or it will have to be repeated. 

The typical 2708 EPROM can be erased by exposure to high intensity shortwave 
ultraviolet light, with a wave length of 2537 A. The recommended integrated dose <UV 
intensity X exposure time) b 12.5 watt-seconds per square centimeter (Ws/cm'). The 
time required to produce this exposure is a function of the ultraviolet light intensity. 



Cost and safety, equally emphasised. should be the guiding factors when selecting an 
ultraviolet eraser. A commercial unit not only specifies its intensity (that allows com¬ 
putation of exposure time), but also includes important interlocks. It is conceivable 
that some homebrew erasers might have improper shielding that could allow the ultra¬ 
violet light to escape or be accidentally turned on while being viewed. Such possibilities 
can lead to permanent eye damage. 

One of the more cost-effective erasers on the market is the UVS-11E by Ultra-Violet 
Products. Inc. San Gabriel CA. 91776. This unit is made especially for the home com¬ 
puter market and includes some important safety features. The lamp will not operate 
unless properly seated, and if lifted from its holding tray, it will automatically shut off. 
At the standard exposure distance of 1 inch, the UVS-llE produces an intensity of 
5.000 *W pet square centimeter (pW/on*). Exposure time for the 2708 is easily calcu¬ 
lated. 


Exposure time (T«) 

T« “ J+I 

Who* 

J - required erasure density of device 
I “ incident power density of eraser 
For a 2708 which requires 12.5 Ws'cm* 

I - 5000 nW/cm* 

I - 12.5 Ws/cra* 

or T, - 41.6 minutes for complete erasure 
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Figuro 7.3 A xfiemalK diagram of an automate 2W6 programmer. 
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Figure 7.4 A aomcnan ot an automate l PROM programmer writa eye la. 



m» o* 
•\r 


Nrtitl* 

OUT Cl 
JV 


i••»«> pimi 
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Flflur# 7.6 A flowchart of Vt «ofcvn«f,c EPROU progrimm* reaC Cycle 
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CHAPTER 8 
CONNECTING ZAP TO 
THE REAL WORLD 


It's now obvious thjt the ZAP computer can be configured in a number of way*. 

Depending on your needs, you can go far beyond the basic system I have outlined. If 
you want a personal computer that is the equivalent of Urge commercial microcomput¬ 
er systems, then you must add considerably more memory and peripherals. Accom¬ 
modations must be made for a more powerful operating system and most probably a 
high-level language such as BASIC or Pascal. If you intend to use the ZAP computer as 
a word processing system, then a video dispUy and printer will be required. This, in 
tum, necessitate* adding more parallel and serial port*. Whatever the eventual config¬ 
uration, the design considerations that went into constructing the ZAP computer do 
not change. 

The ZAP computer is Intended as a trainer. This book b structured in such a way 
that you should be able to lay out a system configuration and build H. I have not 
discussed what It takes to design a word processing system, or to add floppy disk stor¬ 
age. because it it beyond the scope of this introductory text. The support material 
necessary to adequately cover such an undertaking would be enough for another book. 

This does not mean, however, that everything is firushed once the ZAP computer b 
constructed and you learn how to write and execute a short program. Quite the con¬ 
trary; a more significant application of ZAP b to connect it to something considered 
part of the "real world" and have it perform some constructive task. ZAP - * "power to 
weight" ratio makes it a natural for intelligent control application*. The real key to us¬ 
ing ZAP effectively is learning how to connect it to the real world. 

Within the framework of the direct examples I have outlined, the ZAP computer 
created from this book should be a single-board computer suitable for use In a variety 
of applications. Because it includes a serial port, two parallel ports. PROM monitor, 
and programmable memory, ZAP b in many respects equivalent to commercial digital 
controllers costing hundreds of dollars more. 

Small single-board computers are most often used in data acquisition and intelligent 
control applications. Their (unction b usually to digest certain input parameters and 
compute a result. For example, in a 100 HP electric motor control, the inputs would be 
voltage, current and RPM. and the control output would be a load factor correction 
voltage. 

In all probability, a few of these ‘ intelligent controllers' were used by the press that 
printed this book. A likely place is the electronic control unit that monitors print densi¬ 
ty and automatically adjusts ink flow. The computer 'reads' the print and decides 
whether to increase or decrease the ink flow to the paper. Thb decision must take into 
account various input parameters such as humidity, temperature, paper velocity, and 
specific gravity of the ink. The control algorithm written in machine code and stored in 
ROM shifts through all the input data and generates its conclusion in the form of a pro¬ 
portional output to an ink-flow valve. 

In most cases, computerized functions do not stop with simple control. In any pro¬ 
cess where repeatability and quality control are important, significant process param¬ 
eters are constantly monitored for deviation from preset limits and an alarm b set if the 
limits are exceeded. To aid in long-term analysis, the data acquisition function often in¬ 
cludes recording raw-process data from the input sensors at specific intervals and gen- 
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cr atin g a permanent log. 


THE REAL WORLD 

I don't want to confine you by dimming too many commercial applications of sin¬ 
gle-board controllers. I doubt there are many web presses hidden in closets to which 
you want to add computer control. There are. however, many equally challenging and 
less esoteric applications foe computer controls around the home. For example, a few 
that come to mind include energy management, security, and environmental monitor¬ 
ing. I refer to such systems as real world systems, as opposed to the TTL digital world 
of computers. 

Because real world is anything outside of the computer, it is generally an analog en¬ 
vironment. The metamorphosis of ZAP into an intelligent controller is dependent 
primarily upon effective analog interfacing. For this reason, the rest of this chapter b 
dedicated to the design and construction of an economical analog I/O interface. 

But first let's review the basics of D/A )d«giul-to-analog) conversion and then 
discuss a method to use a D/A to perform A/D (analog-to-digital) conversion. In data 
acquisition systems, there b often a need to acquire high resolution multiple channels, 
and AC as well as DC inputs. This being the case. I will also discuss a circuit which, in 
effect, allow ZAP to function as an ^channel digital voltmeter. Finally, because the 
temporal relationship of so many events is significant, ZAP will be configured with a 
real-time clock that defines the time at which control operations occur. 


DICITAL-TO-ANALOG CONVERTERS 

The D/A (digital-to-analog) converter can be thought of as a digitally controlled 
programmable potentiometer that produces an analog output. This output value (V OIT ) 
is the product of a digital signal (D) and an analog reference (V,„) and is exprested by 
the following equation: 


V„ T - D V„, 

To a large extent, no D/A or A/D converter b very useful without specifying the 
type of code used to represent digital magnitude. Converters work with either unipolar 
or bipolar digital codes. Unipolar includes straight binary and binary coded decimal 
(BCD). Offset binary, ones or two's complement and Cray code, U usually reserved 
for bipolar operation. However, we will limit our discussion to straight and offset 
binary. 

It b important to remember that the binary quantity presented by the computer is a 
representation of a fractional value to be multiplied by a reference voluge. In binary 
fractions, the MSB (most significant bit) has a value of 1/2 or 2 \ the next MSB is 1/4 
or 2‘\ and LSB (least significant bit) b 1/2* or 2"* (where n is the number of binary 
places to the right of the binary point). Adding up all the bits produces a value that ap¬ 
proaches 1. (The more bib. the closer that value b to 1.) The algebraic difference be¬ 
tween the binary value that approaches 1 . and 1 , b the quantitation error of the digital 
system (to be discussed later). 

Offset binary b similar to straight binary except that the binary number 0 b set to 
represent the maximum negafnv analog quantity; the MSB b a 0 for negative analog 
values, and a 1 for positive analog values. 

The conversion of digital values to proportional analog values is accomplished by 
either of two basic conversion techniques: the weighted-resistor D/A converter and the 
R-2R D/A con v ert e r. The weighted-resistor D/A converter b by far the simplest and 
most straightforward. This parallel decoder requires only one resistor per bit and 
works as follows: switches are driven directly from the signals that represent the digital 

number D; currtnb with magnitudes of 1/2, 1/4. 1/8,-1/(2’) are generated by 

resistors with magnitudes of R. 2R. 4R. . . . 2‘R, that arc connected by means of 
switches between a r e feren ce voltage, -V u) . and the summing point of an operational 
amplifier. The various currents are summed and converted to a voltage by an opera¬ 
tional amplifier (see figure 8 . 1 ). 

While this may appear to be a simple answer to an otherwise complex problem, thb 
method has some potentially hazardous ramifications. The accuracy of this converter 
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is a function of the combined accuracies of the resistors, switches (all switches have 
some resistance), and the oueput amplifier. In conversion sys te ms of greater than 
10 -bits resolution, the magnitudes of the resistors become exceptionally large and the 
resultant current flow is reduced to such a low value as to be lost in circuit thermal 
noise. 

A reasonable alternative to the weighted-resistor D/A converter is the R-2R con¬ 
verter. This is often referred to as a resistor-ladder D< A converter and is the most wide¬ 
ly used type even though it toes more components. This circuit (see figure 8.2) also 
contains a reference voltage, a set of binary switches, and an output amplifier. The 
basis of this converter is a ladder network constructed with two resistor values. R and 
2R. 

One resistor <2R> is in series with the bit switch, while the other (R) is in the summing 
line, so that the combination forms a ~pi~ network. This suggests that the impedances 
of the three branches of any node are equal, and that a current I. flowing into a node 
through one branch flows out as 1/2 through the other two branches. In other words, a 
current produced by closing a bit switch is cut by half as it passes through each node on 
the way to the end of the ladder. Simply stated, the position of a switch, with respect to 
the point where the current is measured, determines the binary significance of the par¬ 
ticular switch closure. 



Flour* 8.1 A 4 0,1 welghtod-rosistor d^taltthenolog convene A 4tx worn « used lo control lour 
sMgtoooie single-throw switches Each ol these s-ncres a « terms nt* a '•Juror. The rotator 
values aro rotator! at oonort o/ 2 . as shewn Tro other toot of me s weerm am connected together at 
I'm summing point ol an ctmratonal emptier Currents with megrtiudes mvertety proportional to too 
mt's tors am generated who n me s.rcrw am closed They ere summed try no op amp end convened 
fo a cormsponding voltage. 





Flflure 8.2 A 4-pat R 2P rnsatorladder d^rn'toanalog convener. This type ol D'A convener makes 
use of a msistoriadder network cons'acred •*«m musters o 1 vakje ft and 2 R the tocology of this net¬ 
work Is such that the current flowing into any Dranch ol a 3-Otanch node wtt Okie itsed eguafty 
through the two remaining tranches Because ol this the current mO OvOe itself in halt ask passes 
through each node on its way to the end of the ladder The four switches a m again reia ted as «M>ers of 
2. The position ol each swiren with respect w its durance from me end or me ladder determines its 
binary significance. 
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This type of converter is easy to manufacture because only two resistor values are 
needed; in fact, one value. R. will suffice if three components are used for each bit. 
Keeping matched resistor values with the same temperature coefficients contributes to 
a very stable design. Certain trade-offs are required between ladder resistance values 
and current flow to balance accuracy and noise. 

One form of the R-2R Udder circuit is the multiplying D/A converter and is avail¬ 
able with either a fixed or an externally variable reference. Multiplying D/A converters 
that utilize external variable analog references produces outputs that are directly pro¬ 
portional to the product of the digital input multiplied by this variable reference. These 
devices have either current or voltage output. The current output devices are much 
faster because they do not have output amplifiers that limit the bandwidth; therefore, 
they tend to cost less than voltage types. 

An economical S-bit multiplying D/A is the Motorola MC140S* (see figure 8.3). As 
previously mentioned, this monolithic converter contains an R-2R Udder network and 
current switching logic. Each binary bit controls a switch that regulates the current 
flowing through the Udder. If an 8-b.t digital input of 11000000 (192 decimal) is applied 
to the control lines of the illustrated converter, the output current would be equal to 
(192/256X2 mA> or 1.50 mA. Note that when binary 11111111 (255 decimal) it ap¬ 
plied. there b always a remainder current that b equal to the LSB. This current b 
shunted to ground, and the maximum output current b 255/256 of the reference 
amplifier current, or 1.992 mA for a 2.0 mA reference current. The relative accuracy 
for the MCI406-6 version b i 1/2 the LSB. or 0.19* of full scale (see figure 8.4). Thb 
b more than adequate for most home computer analog control applications. 

The final circuit (figure 8-5) b an 64>»l MC1406* multiplying D/A converter. As 
previously outlined, "multiplying" means that It uses an external variable reference 
voltage. In this case, a 6.8 V zener-diode regulated voltage b passed through a resistor 
that sets the current flowing into p«n 14 to approximately 2 mA. 



Figure 8.3 A tf&cal B-yt cu'renrcoswf monomc mvKOfyiog D/A convener. This Motorola in¬ 
tegrated atcuil contains an R2R netirotk «e oe one o figure 82 . pkts acWTOonaf cu 'reni-snltcrmg 
«g.c. 
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Figure 8.5 A finat 8-&t MCI*088 mjftpTyvig a-?ta!-x>ara'Gg com«Ter irtft span art offset adjust- 
mens. 


•* iu *11 -u 
Kl U » » 

ICI t»MI> T 4 


p*«*nri 

output 

PQ«T 


ccwcrtNcwroncKMivoaujw a! 





An additional resistor. Rl (also in this current leg), allows the current to be varied by 
a small percentage and provides the ability to adjust the full-scale range of the D/A 
converter. The output is a current that is equivalent to the product of this reference cur¬ 
rent and the binary data on the control lines. The current is converted to a voltage 
through IC 9 and can be zero offset through the use of the offset adjustment pot, R2. 

Using this circuit with the ZAP computer is simply a matter of connecting the input 
lines of 1C 1 to a convenient parallel output port on ZAP. Any 8-bit value sent to that 
port will be converted to a voltage proportioned to that output. 

The digital code presented to the D/A converter must be in offset binary. A binary 
value of 00 hexadecimal produces an output of -5 V while FF hexadecimal is 
equivalent to + 5 V. In offset binary, if the MSB is a 0, the output is negative, and if the 
MSB is a 1, the output b positive. Because the converter has a range of 10 V, and b an 
8 -bit device, the resolution of the converter b 1/256 of 10 V, or approximately 40 mV. 
Thb means that the smallest output increments will be in 40 mV steps. To change this 
to finer increments requires a shorter range, such as + 2.56 V to -2.56 V. By adjusting 
the span and aero pots, any reasonable range may be chosen, but the resolution will 
always be equal to the LSB or 1/256 of the range, and accuracy b estimated to be 
±1/2 the LSB. 

Calibration b fairly straightforward. Apply the power, and with a short program 
that outputs a value from the accumulator, send a binary 100X000 to the port address 
corresponding to the D/A interface board. Using a meter to monitor the output of the 
LM301A. adjust the zero pot R2 until the output b 0 V. With the same program, load 
in binary 11111111 to the port address and adjust the span pot Rl for a meter reading 
of +5.12 V. A binary setting of OOOOOOX should produce -5.12 V. If you are unsuc¬ 
cessful at thb point, turn the power off and remove the MCI408-8 and the LM301A; 
then reapply power and verify that the binary output b correct on the parallel output 
port. Nine times out of ten. problems like thb can be attributed to choosing an incor¬ 
rect output code. 

If the test b successful, you are now ready to generate analog outputs under program 
control. A simple test b to designate a section of memory and sequentially output the 
values to the D/A. If the table b 256 bytes long with the values ranging from 0 to FP 
hexadecimal In 01 increments, the result will be a sawtooth-waveform output. 1 / the 
samples are sent to the output rapidly enough, and it b connected to a speaker, the 
waveform will be audible. The exact frequency will be a function of the update timing 
loop. 

The following b a short program that exercises the D/A in such a manner: 


START 

EQU 

04X 

Memory table start HL address 

END 

EQU 

05 

Memory table end H address 

OPORT 

EQU 

07 

D/A output port number 

SAMP 

EQU 

A0 

Sample rate time constant 


ID 

HL START 

Load table start address 

AGAIN 

ID 

A.(HL) 

Table value to accumulator 


OUT 

OPORT. A 

Output byte to D/A 


CALL 

Day 

Sample time delay 


INC 

HL 



LD 

A.H 



CP 

END 

Test to see if at end of table 


JP 

HALT 

NZ. AGAIN 

If not, output the next sample 

Day 

LD 

B. SAMP 

Sample rate timing loop 

DCR 

DEC 

B 



IP 

NZ.DCR 



RET 




The table can be set to any length. Values in the table can be calculated to produce 
any shape waveform. 
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ANALOG-TO-DIGITAL CONVERTERS 

It's always a good idea to discuss D/A conver t ers first. They are rather straightfor¬ 
ward and there are not an overwhelming number erf conversion methods. By introduc¬ 
ing them first, you will become aware of the process of binary conversion and ap¬ 
preciate the concepts of resolution and accuracy. Practically speaking, however, if you 
were going to set up the ZAP computer to serve in a data acquisition mode—say, 
reading and recording temperatures—you would need an A/D (analog-to-digital) con¬ 
verter before a D/A (digital-to^nalog). 

An A/D does what its name implies. It converts analog voltages into a digital repre¬ 
sentation compatible with the computer input. As in the case of an 8-btt D/A. an A/D 
is subject to the same conversion rules. If you are trying to read a 10 V signal with an 
8 -bit converter, the resolution will be 1/256 of 10 V (or 40 mV) and the accuracy will 
be ±1/2 the LSB. 

For greater resolution more bits are necessary. The number of bits does not set the 
range of a converter; it only determines how finely the value b represented. An 8-bit 
converter (either A/D or D/A) can be set up just as easily to cover a range of 0 to 1 V 
or 0 to 1000 V. Often the same circuitry b used, but a final amplification stage or 
resistor-divider network b changed. Understand, of course, that with a range of 
1000 V and an 8-bit converter, the resolution b 4 V. Such a unit would be useless on 0 
to 10 V signals. The problem can be reconciled in a number of ways, but the easiest 
solution b to use a converter with more bits. A 16-bit converter that has 65.836 (2 ,a ) 
steps instead of 256 (2*) would cover the same 1000 V range in 15 mV increments. 

For the ZAP computer, the question becomes more one of reasonable price perfor¬ 
mance than nth degree accuracy. 

Analog-to-digital conversion b considerably more expensive than D/A—the price b 
directly related to resolution and accuracy. There are many ways that A/D conversion 
can be accomplished. The range varies from very slow, inexpensive techniques to ultra¬ 
fast, expensive ones. An A/D converter can cost as little as &S or as much as $10,000. 
An A/D converter that scans thermistor probes and provides data to control the tem¬ 
perature In a large supermarket may cost $4.75. but it cannot encode video information 
from an optical scanner. 

The objective of this book, of course, b to help you to build your own computer; lit¬ 
tle Is served by presenting designs that are beyond a reasonable budget and average 
construction abilities. For those reasons. I have sifted through a multitude of tech¬ 
niques to select four designs that can easily be built and attached through the ZAP 
computer's parallel interface. One of them should meet your basic data acquisition re¬ 
quirements. 


1. Basic analog to pulse width converter 

2. Low cost and low speed 8-btt binary-ramp counter converter 

3. High speed 8-bit successive approximation converter 

4. Eight-channel 3W-digit 0- 200 V AC/DC interface 


PULSE WIDTH AND BINARY COUNTER CONVERTERS 
Analog to Pulse Width Converter 

This converter is one of the most popular open-loop encoders because of its simplici¬ 
ty. A basic block diagram b shown in figure 8.6. Thb device uses a fixed oscillator in 
combination with a circuit that generates a pulse width that b a linear function of the 
analog input voltage. 

To obtain thb variable linear pulse width, designers frequently use a ramp generator 
and a Schmitt-trigger circuit. A gating pulse b started at the beginning of the ramp and 
a counting circuit starts incrementing at a fixed frequency. When the linear ramp 
reaches the same value as the input voltage, the counting b terminated. The value left 
in the register at that point b representative of the analog input. 

Figure 8.7 b a schematic of a unipolar analog to pube width co nv ert e r that operates 
on thb principle. IC 1 is configured as a gate controlled linear ramp generator and 1C 2 
is the input comparator. The process starts when the 7.5 KHz dock signal fires IC 3 (a 
74121 one-shot), and starts its 35 ms period, which is the gate time. At the beginning of 
thb gate period, a pulse that dears the two 7493s and the ramp generator b generated. 
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This, in turn, enables the clock signal to the counter. The slew rate of the ramp genera¬ 
tor is set to be approximately 10 V per 35 ms. 1C 2 continuously compares the input 
and ramp voltages. When they are equal, the dock s^nal to the counter is stopped and 
the ramp generator is reset. At the conclusion of the 35 ms gate time, whatever value is 
in the counter is transferred to an 5-bit storage regiKer. The value stored in this register 
is an 5-bit number proportional to the input voltage. The entire process starts again on 
the next clock pulse. 

By properly selecting the gate times and the dock rate, you can change the span and 
resolution of the dreuit. With a gate time of 35 ms and a dock rate of approximately 
7500 Hz, 256 clock pulses should be counted during the gate time. The ramp timing ad¬ 
justment pot should be set so that the counter reaches maximum count when 2.56 V is 
applied to the input of IC 2. A 10:1 divider attached to this input wffl allow the same 
5-bit count to represent 25.6 V. 

This circuit is simple, but Its accuracy depends on the stability of the individual sec¬ 
tions of the dreuit. To use it. connect the register output to a parallel input port. Sim¬ 
ply read the port when you want the latest value. The circuit automatically updates 25 
times a second, hence no reading is older than 35 ms. 

Binary-Ramp Counter Converter 

The above A/D technique is most often used in slow sampling rate, high-accuracy 
measurements. Achieving these results, however, hinges on the use of precision com¬ 
ponents and proper construction. The next most productive approach to consider is the 
binary-ramp counter method. In my opinion, this is the best type if you plan to con¬ 
struct an A/D for ZAP. It uses fewer components and, in practice, is much faster and 
easier to build than linear-ramp circuits. 

Figure 8.5 Illustrates the bask block diagram for the binary-ramp counter converter. 
The linear-ramp generator of the previous technique has been replaced by a D/A con¬ 
verter. In this case, the D/A is used to reconvert the digital output of the binary 
counter back to analog for comparison against the analog input. U they are equal, then 
whatever code is presently set on the D/A input is also our A'D output. 



Figure 8.8 A Woe* diagram ol a bate fifavyva/qp counter AO cortener. 
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The simplest way to operate the system is to start the counter Initially at 0 and to 
allow it to count until the D/A equals or exceed* the analog input. The only critical 
consideration in designing this circuit is that the clock rate cannot be faster than the 
response of the comparator and D/A. If it takes 100 p* for these components to do 
their job. then the maximum dock rate *hould be 10 KHz. For an 8-bit converter 
(counting from 0 to 256 each sample period), the maximum sample rate is 10.003/256 or 
some 39 samples a second. In practice, however, 5 ** is a more reasonable settling time, 
resulting in about 750 samples per second. For still higher speeds, we use a different 
kind of A/D (more on this later). 

Figure 8.9 shows a schematic of a binary-ramp counter converter that uses a 
MCI406-8 multiplying D/A converter chip. The counter output is connected to the 
MCI408-8 to provide a direct analog feedback comparison of the value set on the 
counter. Initially, ICs 4 and 5 are cleared, and the D/A output should equal the 
minimum input voltage. For a 0 to 5.12 V converter, this would be 0 V. For a -2.56 to 
+2.56 V unit, it would be -2.56 V. If the output of IC 1 is less than V*. the clock 
pulses are allowed to reach the counter. As each pulse increments the counter, the out¬ 
put of the D/A keeps rising until eventually it equals or just exceeds V,. on the com¬ 
parator. When this happens, additional dock pulses are inhibited. At the end of the 
sample period, the count value of ICs 4 and 5 is stored in a separate register. For ZAP 
to read this data, it )ust requires connecting this register to an input port and reading it 
directly. 
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(Mag the Computer to Replace the Counter 

Figure 8.9 is a stand-alone circuit. It does not require the computer for operation. 
The A/D updates itself at a preselected sample rate and loads this value into an 8-bit 
latch. As far as the computer is concerned, there is a steady state reading from the con¬ 
verter. Every function required to perform the A/D conversion is constructed from 
hardware components. 

There are certain advantages to this approach. The A/D can be independently as¬ 
sembled and tested without a computer. FOr example, a voltage can be applied to the 
Input and the 8-bit value can be displayed on 8 LEDs. The ability to test each subsystem 
independently is the way I’ve tried to present all the hardware in this book. If. on the 
other hand, you feel you've mastered the art of programming and would rather not 
build elaborate interfaces, much of the hardware of figure 8.9 can be replaced with 
software subroutines. 

Consider for a moment the major elements of this design. This 8-bit A/D has four 
sections: D/A, analog comparator, 8-bit counter, and timing logic. The resistor ladder 
and analog comparator are necessary components, but the last two sections are prime 
candidates for synthesis through the computer. The combined function of these devices 
is to increment an 8-bit count and check the output of the comparator. 

The ZAP computer has parallel input and output ports. By incrementing a central 
processor register and outputting the value after each increment, the 8 lines from the 
port will have all the appearance* of a standard 8-bit counter made with 7493s and so 
on. By using one bit of an input port to read the status of the comparator, we can also 
replace the rest of the timing logic. 

The resulting interface has fewer components and b shown In figure 8.10. The D/A 
remains essentially the same except that rather than being driven from two 4-bit 
counters, It Is connected to an 8-blt parallel output port. The analog output of the D/A 
will be whatever value is sent to the output port. Instead of hardwired logic to detect 
when the D/A and input voltage are equal, we attach the comparator output to bit 0 of 
an available input port. 


• •!» 

PftllllUL 

OUTPUT 

POP* 
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Figure 8.10 A softAarec’nven 8-Cif snalogJoCS ai converter. 



The conversion process is no! unlike the hardware version. Firs!, we clear a register 
(B. for example) and then output the register value to the port attached to the D/A. 
This will set the D/A to its minimum output. Next, we read the input port that has the 
comparator attached to it and check bit 0 (a logic 1 indicates that the input and D/A 
voltages are equal). If the comparator is low (the voltages are not equal), the register is 
then incremented and the process is repeated. Eventually, the register will be in¬ 
cremented to the point where the D/A output and the unknown input voltage arc 
equal. The comparator will then switch. At this point the program is halted and the 
value of the B register is the digital equivalent of the input voltage. The program to ac¬ 
complish this follows: 


MVI 

B 

OUT 

0.B 

AGAIN INC 

B 

OUT 

0.B 

IN 

04 

ANA 

01 

JNZ 

AGAIN 

HLT 



Clear B register 
Output B register 
Increment B register 
Output B register 
Read comparator port 
Isolate bit 0 

Continue if voltages not equal 
A/D value is in B register 


The above program should be repeated each rime a new reading is needed and the 
sample rate can be adiusted within broad limits. Remember, however, that we still 
have to wait foe the D/A circuitry to settle and it should not be incremented any fatter 
than 5 >i Using the 2.5 MHz Z80 should not present a problem. Using a 4 MHz 
crystal the central processor might necessitate a few NOPs in the loop. 

There are many variations on this circuit. As described. It takes up to 255 iterations 
of the program to find an answer. On a computer with a 2 a* average instruction time, 
the program could take 3 gs to finish, limiting ut to about 300 samples a second. Add 
the other tasks that the computer must perform and you might be limited to 100 
samples a second. Executing counting routines takes time; It will not, however, be a 
problem if you art merely monitoring a temperature probe that has a 30-second time 
constant. 

If you should want to track and record fast changing signals, such at an acous'k 
waveform, then a much faster conversion algorithm it required. One method that 
speeds up the process b called successive approximation (more later). 

The capabilities of this circuit can be expanded in other ways. An additional CMOS 
multiplexor can be connected to 3 bits of another output port to turn this simple circuit 
into an channel A/D. Also, because thb circuit includes a D/A, its output b avail¬ 
able as well. 


Successive Approximation Converters 

More than likely one of the three converters presented thus far will suffice for non- 
critical data acquisition. Slowly changing signals can be handled accurately and effi¬ 
ciently. However, there are occasions when the signal in question is not slow or It car¬ 
ries a particular transient that must be captured. For example, detecting a 100 gs event 
requires a converter with a capability of 20.000 samples per second. In such cases we 
need a much faster conversion method. 

Figure 8.11 b the schematic of a general purpose high-speed. 8-bit converter. It is 
capable of sample rates in excess of 200.000 samples per second. To attain these speeds, 
a technique called successive approximation b used. Like the binary-ramp counter con¬ 
verter, this A/D also incorporates a D/A in a feedback loop but replaces the counters 
with a special SAR (Successive Approximation Register). The circular logic of suc¬ 
cessive approximation is best explained in the block diagram of figure 8 . 12 . 

Initially the output of the SAR and mutually connected D/A are at a zero level. After 
a start conversion pube. the SAR enables the bits of the D/A one at a time starting with 
the MSB. As each bit is enabled, the comparator gives an output signifying that the in¬ 
put signal b greater or less in amplitude than the output of the D/A. If the D/A output 
is greater than the input signal, a " 0 " b set on that particular bit. If it is less than the in¬ 
put signal, it will set that bit to T. The register successively moves to the next least 
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Figure 8.11 A scrtemafic tfagf av of an S-&i si/ccessve a^xoi -r^:on AO convener. 
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Figure 8.12 A Mx* *ap»4« of a t^Kol 8b«r successive afla-cmrur**! -VO con^rjiOn system. 


significant bit (retaining the Kiting on the previously tested bit*) and performs the 
•am* t**t. Alter all the bus of the D/A have been tried, the conver*ion cycle la com¬ 
plete. A* opposed to the 256 dock pube* of th* binary counter method, the entire con¬ 
version period take* only 0 dock cycle*. Another conversion would commence on the 
next dock cycle when If* in the tree-run mode. To retain the 8-bit value between con¬ 
version*. an 8-bit storage register 1C 3 ha* been added. To uic this A/D. limply con¬ 
nect the output of this latch to an 8-bit input port. 

Th* component* of the D/A circuit are changed slightly from previou* implementa¬ 
tion* to increaw the speed, and a fatter comparator i* used. With a clock rate of 
800.000 Hi. th* circuit will do 100.000 conversion* a second. Because they are auto¬ 
matically loaded into the 8-bit-holding register 1C 3. the update U transparent to the 
computer and can be read at any *peed. The sample rate is a function of the clock rate. 
If it is unnecessary to have such a high sample rate. It may be reduced by increasing the 
value of Cl. High speed A/D conveners are susceptible to layout and component selec¬ 
tion. While 200.000 samples per second is attainable. 20.000 samples per second might 
be more practical. 

A Unique Application for a Fast A/D 

When we first considered adding an A/D to ZAP, our thoughts centered on monitor¬ 
ing some process or turning ZAP into an intelligent controller. In most cases, this re¬ 
quires one of the simpler A/D converters I've outlined. However, with the addition of 
a high speed A/D peripheral, a few more experiments come to mind. 

Most often when we think of high speed analog, we want to capture video or other 
high bandwidth phenomena that have a voltage level within the range of the A/D. Of 
course, the audio frequencies, while much lower than video, may also require a high 
performance A/D for proper representation. 

The bandwidth of the human voice b about 40CO Hr. There analog signals, when 
spoken into a microphone and fed to an A/D, can be digitized just like any other wave¬ 
form. And. if our voice sample* are taken quickly enough and stored, the accumulated 
data can be used to reconstruct the same voice. This reconstructed voice is called 
digitized speech. 

In essence, digitized speech b simply the result of a standard data acquisition tech¬ 
nique When speaking into a microphone and amplifier, your voice results in a fluctu- 


196 CONNSCHNC ZAP TO TH£ REAL WCRLD 


Copyrighted material 



a ting waveform, whose frequency rate varies. If this signal is applied to the input of a 
high speed A/D, and the conversions stored in memory, the computer couldn't care 
whether the source was speech or a nuclear reaction. The analog fluctuations would be 
digitized at discrete sampling intervals and stored. If the stored samples are output to a 
D/A at the same rate they were taken, speech will be reproduced. The fidelity of this 
reconversion is a function of the sampling rate. 

Most of the intelligence or information content of human speech occurs in the fre¬ 
quency region below 15CO Hz. Obviously, sampling this waveform at 25 samples per 
second would be useless. It must be sampled very rapidly to retain anything of signifi¬ 
cance. 

There is a specific law known as the "Nyquist criterion" that is used to determine the 
optimal sampling rate. In theory, this law states that at the very minimum, the sample 
rate must be twice the frequency of the input waveform. Thus, if the human voice ex¬ 
tends to 4 Hz, then the minimum rate should be MOO samples per second. This also 
presumes an ideal filter on the output, the existence of which b about as ephemeral as 
perpetual motion. In actuality, (he sampling rate should be 5 or 4 times the highest in¬ 
put frequency. To digitize voice accurately requires a sampling rate of 12 Hz to 16 Hz. 
If. on the other hand, we shoot for just the lower frequencies, we can get by with 3 Hz 
or 4 Hz, 

The possibility of using this speech technique has to be considered in light of the 
availability of Urge amounts of memory. At a 4 Hz sample rate, one second of speech 
takes 4000 bytes of memory. If you have added more than the 2 K of memory in the 
original configuration of ZAP, then perhaps you'll want to experiment with digitized 
speech. Even with just 2 K you should hear something. 

A fairly simple program Is needed to coordinate the digitization process and store the 
data: 


START 

EQU 

400 

END 

EQU 

COO 

TRIG 

EQU 

AS 

IPORT 

EQU 

04 

SAMP 

EQU 

38 

1NP 

IN 

IPORT 


CP 

TRIG 


IP 

NZ.INP 


LD 

HL. START 

AGAIN 

IN 

IPORT 


LD 

(HL), A 


CALL 

DELY 


INC 

HL 


LD 

AH 


CP 

END 


JP 

HALT 

NZ. AGAIN 

DELY 

LD 

B. SAMP 

DCR 

DEC 

B 


IP 

RET 

NZ.DCR 


Memory table start HL address 
Memory table end H address 
Input start conversion level 
A/D input port 
Sample-rate time constant 

Read A/D input vahie 
Compart input to trigger level 

Loop again if below trigger level 
Load table start address 
Take a sample 
Store sample In memory 
DeUy between samples 

Test to tee if at end of table 
If not. take another sample 

Start deUy timer 


When the program is executed, it will scan the A/D input port and compare the read¬ 
ing to A8 hexadecimal (about 65* of full scale). When speech is present, the audio 
level will presumably exceed this trigger level. When this happens, the program sets the 
address of the storage table and starts dumping data samples into it at a rate of about 
4OCX) per second. The rate is determined by the value of "SAMP." The higher the num¬ 
ber, the lower the sampling frequency. When the table b filled, the program stops and 
the memory will contain a digitized representation of whatever was spoken during the 
sample time. For 2 K of memory, only Vi second of speech will be captured. 

To hear this stored data, use the program outlined in the section on D/A converters. 
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Set the limits to be the area of the memory table, then choose a time constant that 
results in putting out the samples at the same rate that they were taken. (It is also possi¬ 
ble to create a digital reverberation system using this hardware, but for decent fidelity 
12- or 14-bit converters are required.) 

Because digitized speech is a specialized application, the D/A circuit is modified 
slightly to include a low-pass filter. This will improve the sound quality. The modified 
circuit b shown in figure 8.13. 



Using ZAP for High Resolution Data Acquisition 

Up to this point our discussion has concerned experimenting with ZAP. Some 
aspects of these designs are useful In noneducational applications, but for the most part 
they are intended more as teaching aids than as replacements for expensive monitoring 
equipment. However, it b possible to add more specialized interfacing to ZAP which 
allows it to be used in such a manner. 

The 8-bit A/D converters presented thus far have limited resolution and are single- 
channel devices. They are adequate for measuring temperature in a solar heating sys¬ 
tem. but it b doubtful that they have the resolution to monitor the temperature gra¬ 
dient along a length of heating duct. The sensois used to measure such parameters 
would need to have a higher resolution than ambient air temperature sensors. For a 
range of -20 to 108 *C. an 8-bit A/D could provide 0.5’ resolution. In a solar heating 
application, considering the variations in air movement, cloud cover, and general 
weather patterns, this » as much resolution as you would need. Within the system, 
however, there are areas that will require closer measurement. 

A solar system b a typical example. After installation the next step Is usually to In¬ 
vestigate how to increase its efficiency. Nine times out of ten thb requires cutting heat 
losses in the pipes and ducts. One way to determine such loss is to place temperature 
sensors along the heat distribution path and look for cold spots. The measured dif¬ 
ferences between sensors may be very small, a few tenths of a degree or so, but the 
overall losses could be significant. Measuring t e mperatures to tenths or hundredths of a 
degree and maintaining the same dynamic range requires more than 8-bit resolution. 
Something between 10 and 12 bits is needed. 

The situation b further complicated by the large number of points that may need 
monitoring within a system. It's rare to find only one temperature indicator in the sys¬ 
tem. At the very least there would be six: inside air. outside air. storage tank top, stor¬ 
age tank bottom, collector, and distfibution air temperature. 
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Very few commercial data acquisition systems use a single channel. Usually they 
come with either eight or 16 multiplexed channels. The input of one A/D converter is 
switched (usually on a demand basa) between the channels and the results are com¬ 
piled and averaged by the computer. This information can be logged on recording tape, 
transmitted serially to another system, or used to run a real-time display. What one 
does with the data is a function of the application program. 

There are various ways to configure ZAP for high-resolution data acquisition. One 
is to simply to replace the 8-bit A/D with a 12-bit binary converter. When the conver¬ 
sion is finished. 12 bits of parallel data are available. Depending upon the converter 
chosen, many outboard analog components might still be required, but the process is 
straightforward. Unfortunately, these converters are not what you would cal! inexpen¬ 
sive. Although they are becoming cheaper every day. at this writing they are still con¬ 
siderably more expensive than 8-bit converters of similar speed. 

Most 12-bit binary converters are expensive because they are designed to give the ap¬ 
pearance of parallel converters. Toggle the convert enable line and zip. there’s 12 bits 
of answer. When the computer wants this data, it scans, manipulates, and stores it in a 
table for use by other programs. Making the hardware section of an A/D interface less 
expensive involves doing less in parallel. Taking the alternative serial approach gener¬ 
ally requires more time and additional data manipulation. We can opt for the lowest 
expense and let our computer do most of the work. We have already demonstrated 
how to eliminate counters and timing logic by doing these functions in software. 


An 8-Channel JWDiglt AC/DC Interface for ZAP 
The solution to the high resolution versus expense question comes in the form of a 
3 Vi-digit multiplexed A/D converter chip. The MC14433 CMOS integrated circuit is 
intended primarily for use in digital voltmeters (DVMs) but envoys a vanety of other 
applications because of its versatility. It is a tingle-channel 11-b.t converter, but it it 
called 3Vi digits. The output is BCD (binary-coded decimal) and it specifically covers a 
range of -1999 to +1999 counts Basic chip specifications axe as follows: 


MCI*433 3Vi-Diidt A/D Converter 
Accuracy: ±0.05* of reading ±1 count 
Two voltage ranges: 1.999 V and 199.9 mV 
25 conversions per second 
1000 Mil input impedance 
Auto zero 
Auto polarity 

Over, under, and auto ranging signals available 


The MC14433 is a modified dual-ramp integrating A/D converter and is outlined in 
figure 8.14. The conversion sequence is divided into two integration periods: unknown 
and reference. During the V„ (unknown input) integration sequence, the unknown 
voltage is applied to an integrator with a defined integration time constant for a prede¬ 
termined time limit. The voltage output of the integrator then becomes a function of 
the unknown input input. The more positive the input, the higher the integrator out¬ 
put. 

During the second cycle of the integration sequence, a reference signal of 2.000 V is 
connected to V„. This causes the integrator to move toward zero while the digital cir¬ 
cuitry of the chip keeps track of the time it takes to reach zero. The time difference be¬ 
tween the two integration sequences is then a function of their voltage difference. If 
2.0C0 V were the applied V„ then t, would equal t,. The unknown voltage is equivalent 
to the ratio of the periods times the voltage reference (V,„). This is also known as a 
ratiometric converter. The full scale of the converter is determined by V,„. Changing 
V,„ to 0.2CO V will make the 1999 count output represent 199.9 mV instead of 
1.999 V full scale. 
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The output of the DVM chip b a combination of serial and parallel data. There are 4 
digit-select and 4 BCD data lines: 


BCD Output Lines 
Pin 23 Q3 (MSB) 

Pin 22 Q2 

Pin 21 Q1 

Pin 20 QO 

Digit-Select Outputs 

Pin 19 DSl (MSD) 
Pin 18 DS2 

Pin 17 DSl 

Pin 16 DSO 
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With respect to what the computer sees through 741504 output buffers, the digit 
select output is low when the respective digit is selected. The most significant digit (Vf 
DSl) goes low immediately after an EOC tend-of-conversion) pulse and is followed by 
the remaining digits in a sequence from MSD to LSD. The multiplex dock rate is the 
system dock divided by 80 ; two clock periods are inserted between digit outputs. 

During DSl. the polarity and certain status bits are available. The polarity is on Q2 
and the Vi digit value is at Q3. If Q2 is a T, then the input voltage is negative, and if 
Q3 is a XT. then the Vi digit is a 0. 

Figure 8.15 details the schematic of the 8-channel interface board. As shown, it has 
the following capabilities: 


ZAP 3 Vi-Digit DVM Interface 

• 8 programmable-input channels 

• AC or DC input capability 

• Programmable gain of 1, 10. or 100 

• Ranges of 0-200 mV. 0-2 V. 0-20 V. or 0 - 200 V 

• Input overvoltage protection 


1C 1 is the MC14433 DVM chip. It b set for approximately 25 conversions a second 
and all outputs are buffered. 1C 2 b a precision voltage reference chip that supplies the 
V,„ signal. It is nominally 2.5 V and b trimmed to 2.000 V and 0.200 V with two po¬ 
tentiometers. While a rener diode might provide the same voltage, the temperature 
drift associated with such components nukes them inadvisable in this application. 

IC 5 b configured as a set'reset flip-flop. When the conversion b finished, an EOC 
signal sets IC 5, indicating to the computer that data is available. When the computer 
finishes reading the data, it resets thb flip-flop and awaits the next conversion. 

ICs 1, 2, 3, and 4 constitute a smgle-channel 3 Vj-digit converter. It has a range of 
either 0.200 V or 2.000 V determined by V*,,. To achieve multichannel operation and 
AC capability, it b necessary to place an input mulbplcxer and AC to DC converter in 
front of IC 1. 
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Figure 8.16 shows the voltage reference and range selection setup of this interface. 
The MCI4433 can cover either 0-199.9 mV or 0-1.999 V. The ranges depend upon 
the level of V„,. When B5 of port 1 is low. switches 5 and 6 are in the positions shown. 
This would apply 2.0CO V to V,„ input and set the integration time constant with an 
82 kQ resistor. With B5-0. V„, is 0.200 V. and the integration resistor is 10 kQ. 

Figure 8.17 illustrates the input subsystem in simplified terms. SW1 and SW2 repre¬ 
sent the gain selection section. As shown, the gain is 1 and no divider network is en¬ 
abled. When an input relay is closed (controlled through IC 9), the input voltage of 
that channel is sent directly to the input of !C 1 through a 1MQ resistor. U the interface 
is set for DC and a gain of 1. a 1.400 V input signal at channel 3 would be read directly 
as 1.400 V by the DVM chip. If. however. 130 V were suddenly applied, it would be 
shunted through Zl and Z2. which protect IC 1. The data read by the computer will in¬ 
dicate an out of range condition because the input would be shunted to 4 V. 

Closing SWl or SW2 forms a divider network that allows the computer to read these 
higher voltages. A 10:1 divider ts formed by closing SWl. The result is a divider net¬ 
work consisting of the 1 MQ resistor Rl, and a 111 kQ resistor R2 to ground. An 8 V 
Input signal would be read as 0.800 V at the input of 1C 1. The programmer should 
keep in mind that a divider was used on that channel and multiply the answer by 10 
when recording it. 

Closing SW 2 forms a 100:1 divider. The mathematics is the same except that the 
resistor (R3) Is now 11.11 kQ. An 0 V input would become 0.060 V and a ISO V input 
would become 1.500 V. Obviously, proper range selection is necessary to maximile 
resolution. 

An additional feature of thb interface ts the ability to accommodate AC inputs. This 
Is accomplished by simply converting the AC signal to DC after the divider section out¬ 
put. IC 6 and 1C 7 function as single-pole, double-throw switches to gate the converter 
in or out of the signal path. The actual AC-to-DC converter b shown in figure 8.18. 

This device Is known as an average RMS (Root Mean Square) converter. If you 
apply a 1.0 V peak AC signal to It. it will output 0.707 VDC. This b the technique used 
in most digital multimeters. This b also the way we commonly express AC voltages. 
For example, household 115 VAC b 115 V average RMS. The peak b about 176 V. 
The converter passes both AC and DC because there b no blocking capacitor on the in¬ 
put. If It b inadvertently switched into a DC signal, it will multiply the reading by 
1.414. 
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Figure 8.16 Vcttage reference a.-O .nreg-aPon c-neccrsanf motfTcarcn circuitry for tte 
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Exercising (he Interface with a Software Driver 
The interface is attached to ZAP through I/O ports. It takes 10 input bits and 8 out¬ 
put bits for full operation. They are arbitrarily chosen as ports 1 and 4 for this descrip¬ 
tion. The actual choice will depend on what addresses you wire when you are configur¬ 
ing ZAP. These ports are not used for anything in the original description and will re¬ 
quire the proper port hardware to be added. Summarizing the I/O requirements for the 
DVM (digital voltmeter) interface: 

Command Output Byte (port 1 output) 


B7 

EOC enable or disable 

Disable-1; Enable-0 

B6 

AC or DC select 

AC-0: DC-1 

B5 

2.0 V or 0 2 V range 

2.0 V-0; 0.2 V-l 

B4 ) 
B3 

gain code 

0.0-X1 

0.1-X10 

1.0-X100 

B2| 



81 

channel code 

channels 0-7 binary 

BO ) 



Status Input Byte (port 4 input) 

B7 



B6 



B5 

not used 


B4 | 



B3 



B2 J 



Bl 

out of range 


BO 

end of conversion 



Data Input Byte (port 1 input) 

B7 

1 st digit 


86 

B5 

2 nd digit 

3rd digit 

digit enable 

B4 

4th digit 


B3 \ 



B2 
Bl | 

BCD value 


BO / 



when B7-0 then: B6 



B5 not used 

B4 

B3 1/2 digit value 

B2 polarity 

Bl not used 

BO autoranging status bit 


This interface uses a software driver to reduce hardware complexity. The program is 
not unlike a communications driver. To obtain data from the interface effectively, the 
computer must be synchronized with the DVM chip and must pe rf o r m a specific se¬ 
quence of operations to demultiplex the input data stream. 

The actual program that interfaces to and stores the values from the DVM chip is 
written as a subroutine. All the information necessary for proper execution of the 
driver is provided in the DE register pair at the time of the call. Its contents will tell the 
Interface which channel to set, whether it should be AC or DC, and which V«, and 
gain to use. One channel is converted every time the driver routine is called. 

The information set in the DE register pair at the time of the call is the command out- 
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put byte (port 1 output), and each bit has the designations previously listed. The only 
difference is that bit 7 (the enable/disable bit to the A 'D converter) is sent as a logic 0 
when doing a call. The driver will set it to an enable condition after it has pulled in the 
proper relay and allowed a 1 J ms bounce delay. 

Demultiplexing the output of the DVM chip is fairly straightforward. Following the 
call, the outputs to the interface dose the proper switches, and the central processor 
hangs in a loop waiting for an end-of-conversion signal. When this happens, the pro¬ 
gram knows that the next 4 digits of data are what it wants. The DVM chip sets each of 
the digit select lines successively, and the program records the values of the 4 BCD data 
lines each time. It strips the status and polarity bits from the MSD Vi-digit byte and 
reformats and stores the voltage input value in 4 bytes of memory. The 3 whole digits 
are stored in BCD notation and occupy 3 of the bytes. The Vi digit, polarity, and out 
of range indication are located in the fourth byte. Polarity is indicated by setting the 
MSB. A positive reading is a logic 1 and a negative input is a logic 0. The Vi-digit value 
can only be a 0 or 1 and occupies the LSB of the quantity. Out of range Is handled with 
a little program manipulation. If the driver detects that the incoming reading is not 
within range, it sets the equivalent of +2 in the Vi-digit byte. Obviously, this Is an Il¬ 
legal condition for a DVM only capable of counting to 1W9. The programmer using 
this stored data should check the limits of the data before acting upon it. 

When the driver completes its operation, it has acquired a 3Vl-digit reading and 
stored it as 4 bytes in a special table in memory. The 8 channels of data constitute a 
32-byte table. The location of a particular channel's data is found by a simple expres¬ 
sion: 

The 4-byte data starts at memory location t+4(N-l) 

where L - starting address of memory table 
N - channel number (1 to 8) 

Figure 8.19 b the assembly listing of the program that exercises this DVM Interface. 
When assembled, it occupies less than a page of memory. 

Note: One caution should be kept in mind when measuring AC signals with this in¬ 
terface. The ground on the DVM interface b the same as the computer's and a potential 
short circuit exists unless either the computer power supply or the measured voltage Is 
isolated. 

0100 » 

0110 MC144J3 3 1/2 DIGIT A/D CONVERTER DRIVER 
0120 • 

0125 • REV. 1.9 

0130 • 

0140 DIP EQU 1 DATA INPUT PORT NUMBER 

0150 SIP EOU 4 STATUS INPUT PORT NUMBER 

0160 COP EOU 1 COMMAND OUTPUT PORT NUMBER 

0170 EEOC EOU 200 ENABLE EOC INPUT 

0180 DEOC EQU 000 DISABLE EOC INPUT 

0190 » 

0200 • 

0210 t CONVERTED CHANNEL DATA BUFFERS 
0220 • 

0230 CHANO DU OOOOOO 

0240 DU 000000 

0250 CHAN1 DU 000000 

0260 DU OOOOOO 

0270 CHAN2 DU OOOOOO 

0280 DU OOOOOO 

0290 CHAN3 DU OOOOOO 

0300 DU OOOOOO Figure 8.19 A ftstoip of the assentoyiargoago 

0310 CHAN4 DU OOOOOO program mar exercises We vonmow. 

0320 DU OOOOOO 

0330 CHAN5 DU OOOOOO 

0340 DU OOOOOO 
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0350 CHAN6 nu 000000 

0360 DU 000000 

0370 CHAN7 DU 000000 

0380 DU 000000 

0390 * 

0400 » INTERMEDIATE DATA DUFFERS 
0410 t 

0430 CHAN DB 000 CURRENT CHANNEL NUMBER 

0440 CCP DU 000000 COMMAND CHANNEL PARAMETER 

0460 • 

0470 « 

0480 ««* START A/D CONVERTER 
0490 « 

0350 « 

0560 START l.D A»E 

0570 LD (CCP»«A 

0580 AND 007 

0590 LD <CHAN).A 

0600 LD IX.CHANO 

0910 LD D.O 

0920 LD E.A 

0930 SLA E CALCULATE DUFFER OFFSET 

0940 SLA E 

0950 ADD IX.DC 

0960 * 

0970 « SELECT CHANNEL AND START CONVERSION 
0980 * 

0985 LD B.3 SET CYCLE COUNT 

0990 SCSC LD A.(CCP) 

1000 OUT COP SELECT CHANNEL 

1005 CALL DELAY 

1010 OR EEOC ENABLE EOC OUTPUT 

1020 OUT COP COMMAND A/D CONVERTER 

1030 * 

1040 • UAIT FOR EOC 

1030 a 

1060 UEOC IN SIP READ CONVERTER STATUS 

1070 BIT O.A TEST FOR EOC 

1080 JR Z.UEOC JUMP IF NOT READY 

1083 DJNZ SCSC 

1090 BIT 1.A TEST FOR OVERANOE 

1100 JR HZ, OVER JUMP IF TRUE 

1110 * 

1120 a CONVERSION DONE)PROCESS FIRST (MSD) DIGIT 
1130 a 

1140 MSDO LD B.200 SELECT DIGIT l 

1150 CALL RDIG UAIT AND READ DIGIT 1 

1160 CPL 

1170 RRCA RIGHT JUSTIFY DIGIT VALUE 

1180 RRCA 

1190 RRCA 

1200 AND 1 ISOLATE 

1210 LD E.O INITIALIZE STATUS BYTE 

1220 BIT 2.D TEST POLARITY 

1230 JR NZ.MSD3 JUMP IF POSITIVE 

1240 LD E.200 LOAD POLARITY SIGN 

1440 t 

1450 a SAVE MSD AND CURRENT POLARITY 
1460 a 

1470 MSD3 OR E ADD POLARITY SIGN TO MSD 

1480 LD (IXfO).A SAVE IN DATA BUFFER 

1500 * 

1510 * PROCESS 2ND DIGIT 
1520 * 

1530 RRC B SELECT DIGIT 2 F.jurr 8.19 corn: 



1540 CALL RDIG UAIT AND READ DIGIT 

1550 AND 017 ISOLATE 

1560 LD (IXtl).A STORE SECOND DIGIT 

1570 « 

1580 * PROCESS 3RD DIGIT 
1590 * 

1600 RRC B SELECT 3RD DIGIT 

1610 CALL RDIG UAIT AND READ DIGIT 

1620 AND 017 ISOLATE 

1630 LD <IX«2>.A STORE 

1640 * 

1650 » PROCESS 4TH DIGIT 
1660 S 

1670 RRC B SELECT 4TH DIGIT 

1680 CALL RDIG UAIT AND READ DIGIT 

1690 AND 017 ISOLATE 

1700 ID MX*3)>A STORE 

1710 RAPUF RET 

1720 a 

1730 a LOAD 2.000 OVERRANGE VALUE INTO DATA BUFFER 
1740 a 

1750 OVER LD A.2 LOAD USD VALUE 

1760 LD ( IX*0> tA 

1770 XOR A 

1780 LD (IX«1).A LOAD LSD VALUES 

1790 LD <IX+2)'A 

1800 LD <IX43> tA 

1810 JR RAPUP 

1870 a 

1880 a 

1090 a READ DIGIT ROUTINE 
1900 a 


1910 

RDIG 

IN 

DIP 

READ DATA BYTE 


1920 


CPL 


CONVERT TO HIGH TRUE 

LOGIC 

1930 


LD 

D.A 

SAVE COPY 


1940 


AND 

B 

TEST FOR GIVEN DIGIT 

READY 

1950 


JR 

/•RDIG 

JUNP IF NOT 


1960 


LD 

A»D 

RESTORE A REGISTER 


1970 


RET 


RETURN TO CALLER 


1980 

DELAY 

LD 

C.377 



1990 

DELI 

DEC 

C 



2000 


RET 

z 



2010 


JR 

DELI 
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I feel that data acquisition b a natural application for ZAP. Use interface outlined 
above can be used in a solar beating system to monitor and record pertinent data. 
Using the facilities ok the ZAP monitor and the DVM interface routine, an 8-channcl 
data logger b practical. In general, all thal would be required b a supervisory program 
that calls the DVM 8 times to obtain the 8 sensor inputs. It then sets the limits of the 
memory table to a serial output subroutine and stores the readings on a cassette. This 
could be done continuously or at regular intervals. The ultimate system would include 
a real-time dock so that these readings, as well as the times at which they were taken, 
could be recorded. 


Real-Time Clock 

If ZAP b going to be used for critical data acquisition or control functions, consider¬ 
ation should be given to real-time synchronization with process events. A simple defi¬ 
nition of a real-time system b one that responds to the need for action in a period of 
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time proportional to the urgency of the need. It bods down to the fact that the comput¬ 
er must be capable of performing a specific action at a specific time. For this to happen, 
the computer must be able to "tell time." 

We can accomplish this by using either software or hardware applications. The 
simplest technique is to use a clock circuit (figure 8 JO) to provide a time tick to the cen¬ 
tral processor's nonmaskable interrupt line. It can be every 60th, 10th, or 1 second, as 
suggested in the schematic. When the computer acknowledges the interrupt, it first 
saves all the registers from the program it was executing, and then services the real-time 
interrupt. Frequently, the first action is to increment an internal counter that keeps 
track of elapsed time. Usually it’s a value equivalent to the total number of dock ticks, 
whether in seconds or milliseconds. Once this regular interval has been established, it is 
easy for the computer to perform real-time functions. 

Clock resolutions down to milliseconds sound great and make interval timing ex¬ 
tremely accurate. However, I doubt most ZAP builders would want to use such an in¬ 
terface in light of the complex software involved. I much prefer an interface that is 
easier to implement and more likely to be used. 

Essentially, the kind of real-time system most appealing to ZAP owners has a resolu¬ 
tion of perhaps 1 minute rather than 1 ms. Also, its best if it can be read directly in 
hours and minutes rather than as a total dock count. A direct benefit is reduced over¬ 
head. The computer does not have to acknowledge the dock update or scan status flags 
as often. At first glance, it may not seem like much of a saving, but some routines can 
use up to 10 percent of the processor time handling a millisecond dock interrupt. 





Figure 8.20 A s/mpte .'ioieiase generate for an r'errupf realty clock. 


An Old Clock Chip to the Rescue 

The easiest way to provide an hourly and minute-by-minute input is to interface the 
computer to an MOS/LSI clock chip similar to that found on most digital clocks or 
watches. There are two approaches to the design of a dock interface: one method is to 
let the clock circuit operate independently from the computer, attached in such a way 
that the computer can monitor the output lines and extract a time value on the fly. The 
software necessary for this approach would be very much like the DVM interface 
described previously. The other method, which 1 prefer because it involves less soft¬ 
ware, is to give the computer complete control over the information flow of the dock 
in a synchronous manner. 
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Figure 8.21 shorn such a dock interface. This circuit, manually preset to keep it sim¬ 
ple, is computer directed. The basic 4-chip circuit consists of an MM5312 4-digit BCD/ 
7-segment output digital clock chip, an MM5369 time-base generator, and two MOS- 
to-TTL buffers to send data to the processor. 

Time is set on the chip by grounding the slow and fast set lines, pins 14 and 15. To 
know what is being set you must read the interface at the same time, and display the 
time on the 4-digit hexadecimal address display, already part of the expanded ZAP. 
Time is read from the interface as 4 binary-coded decimal numbers. The 8 input lines to 
the computer are attached to an 8-bit parallel Input port, and are divided between 4 
digit-enable lines, and 4 BCD digit-value lines. Data appear as a digit enable and an 
associated BCD number. The tens of minutes data is read on BO thru B3 when B5 is 
high (B4. B6. and B7 are low). Similarly. BO thru B3 will hold the lens of hours quantity 
when B7 is high. The interface logic will stay on a particular digit until it b instructed to 
proceed to the next digit. Sequencing is under program control and uses one output bit 
of a convenient parallel port. 



Figure S.21 A schematic Otegram of a ivaHtne Cbc* interface. 

а) using a MOS <J&!a> clock cn-p. 

б) With battery backup. 
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Figure 8.22 shows how the multiplexer line is controlled in this application. One bit 
of an output port is used to pulse multiplexer input pin 22. (All that is required is a 1 ms 
pulse. As an alternative, a one-shot could be triggered from a decoded strobe line of an 
unwind port.) At any time. 1 of the 4 digit-enable lines will be low and a digit's value 
will be on the BCD output lines. Just determine which digit it b and store the value. 
Next we pulse the multiplexer input to enable the next digit and save it as well. Con¬ 
ceivably, it takes only 4 iterations of this procedure to obtain a complete 4-digit 
reading. If you prefer a more orderly approach, you can follow the program flow out¬ 
lined in figure 8.23. The only difference is that it waits until the chip cycles to the begin¬ 
ning before storing the readings. 




Figure 8.22 The mu(r«W» tim<ry sequence 
tor toe « trio orcuif ot /.yure 8 21. 











CHAPTER 9 

BUILD A CRT TERMINAL 

LOW COST VERSATILE CRT TERMINAL 
This chapter describes the design of a low-cost features-oriented cathode-ray tube 
(CRT) terminal. Two MOS/LSI devices from Standard Microsystems Corporation 
reduce the number of part* required for a CRT terminal yet enhance its capabilities. 

The two devices, the CRT 5027 video timer and controller and the CRT 5C02 video 
display attribute* controller, provide virtually all of the circuitry for the display por¬ 
tion of the CRT terminal. (See Appendices C 6 and C9 for specifications.) 

The terminal is designed to stand alone and communicate via an RS-2J2C interface 
with any computer system. If, in the expanded ZAP, the character hexadecimal div 
play proves inadequate, then the experimenter has only to construct this unit and at¬ 
tach it to the serial port already assembled. 


Device Description 

The CRT 5027 contains the logic required to generate all of the timing signals (ver¬ 
tical and horizontal synchronization, page refresh memory address, etc.) required by a 
CRT terminal. The entire display format including interlace'non-interlace, characters 
per row. rows per frame, scans per row, horizontal synchronization pulse width, and 
timing are user programmable for all standard and most nonstandard formats. 

Although the CRT 5027 is basically structured for use with its own microprocessor, 
this design describes a "dumb terminal" using a low-cost PROM and standard TTL 
logic to replace the microprocessor control. While increasing the number of the parts, 
this design results in a low-cost, high quality alphanumcric/graphics terminal. 

The CRT K02 provides a 7 X 11 dot matrix. 120 character generator ROM. and a 
high-speed video shift register cursor. It includes logic to generate such functions as 
underline, blinking, reverse video, blanking, and strike-through. Additional wide and 
thin graphics modes allow the creation of line drawings, forms and unique graphic 
symbols. 

Terminal Description 

As with most electronic designs, a CRT terminal involves a large number of perfor¬ 
mance and cost trade-offs. A screen format of 16 rows of 64 character* per row was se¬ 
lected to minimize memory requirements (1 K bytes) and keep the video frequency 
within the limits of lower cost video monitors. An 80<haractcr line would have not 
only Increased the video frequency beyond the bandwidth of many low-cost monitors, 
but also would have increased the memory requirements. Similarly, more rows per 
page would have increased the memory requirement unless the characters per line were 
reduced. 

In many microprocessor applications, the page memory is shared with the processor 
via a data bus. In this application, the page memory is used strictly by the CRT with 
data input synchronously, character-by-character, into the cursor position. 

Full graphics or attributes may be selected on a character-by-character basis using 
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control words on the input data bus. A block diagram of the terminal is shown in figure 
9.1. 



Figure 9.1 A b*x» ot a Km <osr catftodc '*> tube tv/mmai 


Character Format 

The CRT 8002 requires a minimum 8 X 12 character block to form its bask 7X11 
character and to provide line and character spacing. However, in order to allow fram¬ 
ing a character fully for a reverie video presentation, the horizontal character block 
must be increased to 9 or 10 dots. For the same reason, allocating 13 lines per character 
allows top and bottom framing as well. 

With the standard TV sweep rates of CO Hz (vertical) and 15,750 Hz (horizontal), 
there are 15.750 ♦ 60 — 262 5 lines per frame. As non-interlaced operation requires 
an even number cf lines, a horizontal frequency of 15,720 Hz is used. The 16 rows 
x 13 scan lines per row result in 208 lines of displayed data. The remaining 54 lines 
will be automatically blanked by the CRT 5027 and will provide upper and lower 
margins. 

To allow for left and right margins as well as for retrace time, a total 80 character 
times are allocated per line. A good rule of thumb is that the total number of character 
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time* is 25% greater than the actual number of displayed characters. 

The video clock frequency is calculated as follows: 10 (docs per character) X 80 
(character times per line) X 15.720 Hz (horizontal sweep frequency) - 12.576 MHz. 
See the worksheet in table 9.1. 


1 H CHARACTER MATRIX (NO CfOeCSK 
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ft VERT1CAI FRAME |REFRESH| RATE !*t«N - Hi) 

ft oEsineo no cf data boas 


T. TOTAL NO O' ACTIVE -VOCO OiSFLAV SCAN LINES 
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Table 9.1 A CRT 5 027 worKVtMf for a 64 criarac.frs c*r row. 16 to*. rw*»nac*0 KWi formal 


Programming the VTAC 

The CRT 5027 VTAC (Video Timer and Controller) b user programmable for all 
timing and format requirements. The programming data is stored in 9 on-chip regis¬ 
ter*. Although a microprocessor can easily provide the programming daU. a low-cost 
PROM is used in this application. The 9 registers are programmed as follows (see table 
9.2): 

Register 0: This register contains the number of character times for one horizontal pe¬ 
riod, and is normally 1.25 times the number of characters per line, in this case 64 X 
1.25 - 80. As the internal counters are initialized at zero, the actual number in the 
register is 80 - 1 - 79. 

Register 0 


Register It Thb has 3 fields: 

1 ) bit 7 — one for interlace, zero for non-interface. In thb example, noninterlaced 
operation is selected. 

2 ) bits 3 thru 6 program the number of character times for the width of the horizon¬ 
tal synchronization pulse. Thb parameter b monitor dependent and b typically 
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5 *s. Because there are 60 character times for a 63.6 ** horizontal scan lime 
(1 ♦ 15,720), each character lime is 0.801 pS: 7 character times will be used lo 
generate a 5.56 *s pulse. 

3) bite 0 thru 2 set the horizontal "front porch." This essentially positions the data 
horizontally. The monitor's specification will de te r mi ne initial programming al¬ 
though some experimentation may be required to center the display exactly. Six 
character times were selected for the front porch. 


0 0 11111 0 


Register 1 


»(0 * 
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M A 0 
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1 

0001 
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2 
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4 

01 C 0 


a. 
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s 

0101 

VERTICAL OATA gTART 
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SCAN DCIA* — 


i r 

At 



OAT* START . 39 

IAS’ 0 b*LA**D DATA ROW 


-tx-sz- 

• 

0110 




Tabte 9.2 A CAT 5 027 teflbte* programme* *0 rfctfte*! for a 16 X 64 screoo format. 


Register 2: This has two fields. 

1 ) bite 3 thru 6 (bit 7 is not used) set the number of Kant per character. In thb case, 
we have defined the character as 10 X 13, so the binary equivalent of 13 - 1 - 
12 b used (all CRT 5027 counters start at zero, not one, so programming of 
counters b always one less than the number). 

2 ) bite 0 thru 2 contain a 3-bit code for the number of characters per line. From the 
data sheet the code for 64 b 011. 


Register 3: Thb has two fields: 

1 ) bite 6 and 7 delay the blanking cursor and synchronization liming to allow for 
character generator and programmable memory propagation delays. Generally, 
one character time will allow for these delays. 

2 ) bite 0 thru 5 define the number of data rows, once again starting with binary zero 
for one line. 16 — 1 “ 15 will be programmed. 


10 0 10 1 


H 


Register 4: Register 4 sets the number of raster lines per frame. For the noninterlaced 
mode thb b derived by the formula (N - 256) 2 - 3. 
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Renter 4 

Register 5: This contains the number of raster lines between the start of the vertical 
synchronization pulse and the start of data (vertical synchronization + back 
porch). This time must be long enough to allow for the full retrace time of the 
monitor and to allow vertical positioning of the display. We will use 28 here. The 
front porch will be calculated by the CRT 5027 as 262 - (13 X 16) - 28 - 26. 

a 


Register 6: Register 6, the scrolling register, is programmed with the number of the last 
data row to be displayed. Since we want to initialize the CRT 5027. this will be 
programmed the same as Register 3 (bits 6 and 7 are not used). 


Register 6 


LsMi 

□ 

3 

3 


Register 5 


Register 7 and Register 8: These registers contain the cursor character number and row 
number respectively. Since the cursor is to be initially positioned at the top left 
comer, both registers will be initialized with all zeros. Subsequent cursor position 
changes will be entered as described under "circuit operation." 


Register 7 
Registers 


Circuit Description 

Referring to figure 9.2.1C 1A. 1C IB. IC 4 provide the video dot clock (12.58 MHz) 
and the character dock DCC. whkh is the dot clock ♦ 10 (each character is 10 dots 
wide). The video dot clock determines the actual video data rate. The character dock 
determines the speed each character H addressed. 1C 6A buffers the dot dock input of 
the CRT 8002. A pull-up resistor is used on the output to guarantee the logic one re¬ 
quirement of the VDC input. 

The LOAD command loads the register information required for programming the 
CRT 5027 from the PROM 1C 7 to the CRT 5027. The "self load" capabUity of the CRT 
5027 is used to automatically scan the PROM addresses LOAD is automatically gener¬ 
ated on power-on by 1C ID. 

Because oi the bus structure of the CRT 5027. cursor position information is loaded 
on the same bus at the register data. Three-state data selectors 1C 14 and 1C 15 select 
cursor X position data from counter 1C 8 and IC 7 or cursor Y position data from 
IC ID. 1C 12 and IC 13 select the address mode for the CRT 5027. Three modes are 
used: "nonprocessor self-load ' for register loading, load cursor X position, and load 
cursor Y position. 

IC 16 thru IC 21 decode attribute mode and cursor controls from the ASCII data 
bus. If graphics or special attributes are not desired. IC 16.17. and 21 are not required. 
Similarly, if cursor controls are directly available, decoding them is not necessary. 

IC 19 and IC 20 are 256 X 4 PROMs. Their exact programming can be suited to the 
user needs. The programming used in this terminal is shown in table 9.3. When a key 
designated as an attribute or mode key is depressed, the appropriate control word is 
latched in IC 21; all subsequent data entries will have that word loaded in the upper 4 
bits of programmable memory. This allows the attribute or mode to be changed on a 
characler-by-character basis. IC 18. a 2 to 4 decoder, is enabled when a cursor control 
backspace, carriage return/line feed, or I is decoded and provides the app r opriate cur¬ 
sor movement. 

11L or low power TTL can be used throughout. Shottky TTL is recommended for 
IC 6 due to the fas! rise time requirements of the dock input. 




























































After power-on. Control Q should be depressed to latch the system in the "normal" 
mode. Depressing the space key and the erase key simultaneously will then blank the 
screen. All further character entries will be displayed normally. If other attributes or 
graphics are desired, the appropriate control code is entered. This character will not be 
displayed or cause cursor movement, but will latch the new command. Modes may be 
changed for every character desired. Cursor movement may be decoded from the 
ASCII input by the control key as indicated in table 9.3. 


PROM Programming 


Keyboard Entry 

Function 

Address 

PROM 1 Output PROM 2 Output 



76543210 

Pi p i p jPl 

D.P.P.D. 

Return 

Carriage Return 

00011011 

0011 

1000 

LF 

Line Feed 

00010101 

1011 

1000 

Control H 

Cursor Left 

0001C001 

0111 

1000 

RS 

Cursor Up 

00111101 

mi 

1000 

US 

Cursor Right 

00111111 

mi 

1010 

Control Q 

Normal Attribute 

00100011 

ini 

1011 

Control W 

Blink 

00101111 

ion 

ion 

Control E 

Underline 

00001011 

0111 

ion 

Control R 

Reverse Video 

00100101 

oon 

ion 

Control T 

External Mode 

00101001 

1101 

ion 

Control Y 

Wide Graphics 

00110011 

1100 

ion 

Control U 

Thin Graphics 

00101011 

1110 

ion 

Balance of PROM 



oon 

1110 


Table B.J PHOkl pro gr»rvr*>g tor to* circut of ftpur* 02 


The Rest of the System 

Figure 9.3 illustrates the balance of the circuitry required to implement a full 
RS-2J2C compatible serial I/O terminal. Utilization of MOS/LS1 reduces the package 
count to a bare minimum. 

A KR2J76 keyboard encoder. 1C 1. encodes and de-bounces the keyboard switches 
and provides an ASCII data word to the COM 2017 UART (we Appendices C6 and 
C7). The UART. In turn, provides the serial receive/transmit interface. The data rate is 
programmable by means of the switch controlled input code to a COM 8046 data rate 
generator (see Appendix CIO). 


TERMINAL VARIATIONS 

The terminal described can easily be modified for a wide variety of other screen for¬ 
mats. The following changes are required for an 80-characlro per row, 24-row format: 

1 . Horizontal sweep rate — to allow for the increased number of displayed lines 
(312). the horizontal sweep rate b increased to 20.220 Hz. 

2. The video oscillator frequency b calculated as 9 (dots per character) X 100 (char¬ 
acter times per row) X 20,220 - 18.198 MHz. Notice that 9 dots per character 
was selected instead of 10 , as 10 would have resulted in a clock frequency of 
20.2 MHz. which b beyond the CRT 8002A* top frequency. IC 4, therefore, 
must be set for divide by 9 rather than 10. 

3. An additional 1 K bytes of page memory b required. Figure 9.4 shows the revised 
address connections. 

4. Register programming for the CRT 5027 follows the worksheet shown in tables 
9.4 and 9.5. 
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Table 9.S A COT 5 027 re&siBWogrammng worksheet lor a 24 x 80 screen forma?. 


222 BUILD A CRT TERMINAL 


Copyrighted material 





APPENDICES 


Copyrighted material 



Appendix A 

Construction Techniques 


CONSTRUCTION TIPS 

As a result of building a project every month for my Xiarcia's Circuit Cellar" col¬ 
umn in BYTE magatine and of constructing every circuit in this book. I feel 1 can speak 
as an authority on the subject of prototype construction. A prototype is a nice term 
that describes the one-of-a-kind kluge that you build from a schematic. This is opposed 
to the kit or semi-assembled project that includes a printed circuit board which only re¬ 
quires plugging in components. 

Prototyping a circuit is not easy. There are many dos and don't*. but successful pro¬ 
totyping is primarily a function of experience And experience come* only by budding 
something. 

The text is purposely laid out with this philosophy In mind.! suggest that you start 
with the power supply. Not only is the rest of the computer useless without it, but it 
has built-in protective circuitry that b very forgiving if you make mistakes. Also, by 
constructing the power supply first, there b less likelihood of destroying the rest of the 
computer as you are testing the power supply. 

In general, the cardinal rule of prototyping b: be neat. The ZAP computer has high 
frequencies. Wiring should be the shortest distance between two connection*. The 
longer the wire, the more of an antenna It becomes. In extreme cases, the computer can 
actually cease to function because of induced etectncal noise. With the relatively 
slower digital signals carried by the wiring attached to external input and output ports, 
the situation is less critical. Short pulses and high-speed data, such as the signals on the 
central processor control and address lines, are more critical. In these cases, it b always 
a good idea to use additional protective circuitry such as buffers. 

To a certain degree, the ZAP computer can be laid out as you see fit. Figure A.l sug¬ 
gests one approach: it can be wirewrapped or hand soldered. Almost any board large 
enough to accommodate all the chips should sulfice. A good choice b a standard S-100 
prototyping card available at most computer stores. There b no particular bus other 
than the standard Z80 signals designated for ZAP because it b primarily intended as a 
single-board system. The 100-pin connector provides a convenient I/O and power con¬ 
nector. Care should be taken if you decide to split the computer schematic and assem¬ 
ble the computer on more than one board. The separation should be between logical 
subsystems; for maximum success, all signals should be buffered in and out of the 
board, e.g., all the memory could be put on a separate card. As outlined in the text, the 
address and data lines necessary to this function are already properly buffered. 

The question of wirewrapping versus soldering b the builder's prerogative. Personal¬ 
ly, 1 prefer point-to-point hardwiring because it's easier to modify when troubleshoot¬ 
ing. Wirewrapping might be easier where the ZAP circuit has already been tested and 
refined. 

Long power-supply daisy chains should be avoided. Rather than running a single 
+ 5 V and ground wire, it is better to use a double-sided prototyping board so that the 
top and bottom sides of the board can be set to ground and +5 V respectively. With 
this approach, each chip can be plugged in (using IC sockets) and the power leads 
soldered directly to the copper planes. Wirewrapping or not. it b a good idea to solder 
the power leads to reduce the potential of intermittent connections. Using the ground 
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plane for wiring is one of ihe best ways to reduce noise in computers. If you don’t have 
a ground plane, then solder heavy wire around the pen meter of the circuit board and 
run short jumpers to it. 

Decoupling capacitors are another must for computer prototyping. Digital-inte¬ 
grated circuits, while bemg virtually bum-out proof in most applications, are unfor¬ 
tunately susceptible to noise carried along the power lines. Often, it will cause them to 
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go into oscillation. By placing a 0.01»F to O.ljiF capacitor between +5 V and ground 
about every third IC, the problem is eliminated. Another good idea is to place an elec¬ 
trolytic capacitor at the entrance of any DC power connection to the board. Generally, 
capacitors are tantalum and three pieces would be required for ZAPs three supplies. 

Finally, if you like the concept of ZAP but would rather spend more time applying 
the finished product than testing your construction techniques, you can look into pur¬ 
chasing EPROMs programmed for the ZAP monitor. The monitor for the ZAP com¬ 
puter is available in a 2708 or single-volt 2716 EPROM for S2S. Please specify the type 
you want when ordering. These arc available from The Micromint. Inc.. 917 Midway. 
Woodmere. NY 11598. Telephone (516) 374*793. 
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Appendix B 
ASCII Codes 





Parity 


Control 





Spaca 


KeyOd. 


D«c 

Octal 

Hex 

or 

Character 

Equhr. 

Alternate Code Namee 

000 

000 

00 

Even 

NUL 

O 

NULL. CTRL SHIFT P. TAPE LEADER 

001 

001 

01 

Odd 

SOM 

A 

START OF HEADER. SOM 

002 

002 

02 

Odd 

STX 

B 

START OF TEXT. EOA 

003 

003 

03 

Even 

ETX 

c 

END OF TEXT. EOM 

004 

004 

04 

Odd 

EOT 

O 

END OF TRANSMISSION, END 

005 

005 

05 

Even 

ENQ 

E 

ENQUIRY. WRU. WHO ARE YOU 

006 

006 

06 

Even 

ACK 

F 

ACKNOWLEDGE. RU. ARE YOU 

007 

007 

07 

Odd 

BEL 

O 

BELL 

008 

010 

06 

Odd 

BS 

H 

BACKSPACE. FE0 

009 

Oil 

09 

Even 

MT 

1 

HORIZONTAL TAB. TAB 

010 

012 

0A 

Even 

LF 

J 

UNE FEED. NEW LINE. NL 

011 

013 

0B 

Odd 

VT 

K 

VERTICAL TAB. VTAB 

012 

014 

OC 

Even 

FF 

L 

FORM FEED. FORM. PAGE 

013 

015 

OO 

Odd 

CR 

M 

CARRIAGE RETURN. EOL 

014 

016 

OE 

Odd 

SO 

N 

SHIFT OUT. RED SHIFT 

015 

017 

OF 

Even 

SI 

O 

SHIFT IN. BLACK SHIFT 

016 

020 

10 

Odd 

OLE 

P 

DATA UNK ESCAPE. DC0 

017 

021 

11 

Even 

OC1 

O 

XON. READER ON 

018 

022 

12 

Even 

OC2 

R 

TAPE. PUNCH ON 

019 

023 

13 

Odd 

OC3 

s 

XOFF. READER OFF 

020 

024 

14 

Even 

DC4 

T 

TAPE. PUNCH OFF 

021 

025 

15 

Odd 

NAK 

u 

NEGATIVE ACKNOWLEDGE. ERR 

022 

026 

16 

Odd 

SYN 

V 

SYNCHRONOUS IDLE. SYNC 

023 

027 

17 

Even 

ETB 

w 

END OF TEXT BUFFER. LEM 

024 

030 

10 

Even 

CAN 

X 

CANCEL CANCL 

025 

031 

19 

Odd 

EM 

Y 

END OF MEDIUM 

026 

032 

1A 

Odd 

SU8 

z 

SUBSTITUTE 

027 

033 

IB 

Even 

ESC 

I 

ESCAPE. PREFIX 

028 

034 

1C 

Odd 

FS 

\ 

FILE SEPARATOR 

029 

035 

ID 

Even 

GS 

] 

GROUP SEPARATOR 

030 

036 

IE 

Even 

RS 

A 

RECORO SEPARATOR 

031 

037 

IF 

Odd 

US 


UNIT SEPARATOR 

032 

040 

20 

Odd 

SP 


SPACE. BLANK 

033 

041 

21 

Even 

1 



034 

042 

22 

Even 

" 



035 

043 

23 

Odd 

• 



036 

044 

24 

Even 

* 



037 

045 

25 

Odd 

% 



038 

046 

26 

Odd 

& 



039 

047 

27 

Even 

• 


APOSTROPHE 

040 

050 

28 

Even 

< 



041 

051 

29 

Odd 

) 



042 

062 

2A 

Odd 

• 



043 

053 

2B 

Even 

♦ 



044 

054 

2C 

Odd 

• 


COMMA 

045 

055 

2D 

Even 



MINUS 

046 

056 

2E 

Even 




047 

057 

2F 

Odd 

/ 
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Parity 

Space 


Dec Octal 

He* 

or 

Character 

048 060 

30 

Even 

0 

049 061 

31 

Odd 

1 

050 062 

32 

Odd 

2 

051 063 

33 

Even 

3 

052 064 

34 

Odd 

4 

053 C65 

35 

Even 

5 

054 C66 

36 

Even 

6 

055 067 

37 

Odd 

7 

056 070 

38 

Odd 

8 

057 071 

39 

Even 

9 

058 072 

3A 

Even 

: 

059 073 

38 

Odd 

; 

060 074 

3C 

Even 

< 

061 075 

30 

Odd 

m 

062 076 

3E 

Odd 

> 

063 077 

3F 

Even 

f 

064 100 

40 

Odd 

a 

C65 101 

41 

Even 

A 

C66 102 

42 

Even 

B 

C*7 103 

43 

Odd 

c 

068 104 

44 

Evon 

0 

069 105 

45 

Odd 

E 

070 106 

46 

Odd 

F 

071 107 

47 

Even 

G 

072 110 

48 

Even 

H 

073 111 

49 

Odd 

1 

074 112 

4A 

Odd 

J 

075 113 

4B 

Even 

K 

076 114 

4C 

Odd 

L 

077 115 

40 

Even 

M 

078 116 

4E 

Even 

N 

079 117 

4F 

Odd 

O 

060 120 

so 

Even 

P 

081 121 

51 

Odd 

0 

082 122 

52 

Odd 

R 

063 123 

53 

Even 

S 

084 124 

54 

Odd 

T 

085 125 

55 

Even 

O 

086 126 

56 

Even 

V 

087 127 

57 

Odd 

w 

088 130 

58 

Odd 

X 

089 131 

59 

Even 

V 

090 132 

5A 

Even 

z 

091 133 

5B 

Odd 

1 

092 134 

5C 

Even 

\ 

093 135 

50 

Odd 

1 

094 136 

5E 

Odd 

* 

095 137 

5F 

Even 


096 140 

60 

Even 

• 

097 141 

61 

Odd 

a 

098 142 

62 

Odd 

t> 

099 143 

63 

Even 

c 

100 144 

64 

Odd 

d 

101 145 

65 

Even 

e 

102 146 

66 

Even 

1 

103 147 

67 

Odd 

0 

104 150 

68 

Odd 

h 

105 151 

69 

Even 

1 

106 152 

6A 

Even 

1 

107 153 

6B 

Odd 

k 

108 154 

6C 

Even 

l 

109 155 

60 

Odd 

m 

110 156 

6E 

Odd 

n 

111 157 

6F 


o 

112 ieo 

70 

Odd 

P 

113 161 

71 

Even 

Q 


Control 

KeytxL 

Equiv. Alternate Code Names 

NUMBER ZERO 
NUMBER ONE 


LESS THAN 
GREATER THAN 
SHIFT P 


LETTER I 


LETTER 0 


SHIFT K 
SHIFT L 
SHIFT M 
I. SHIFT N 

— . SHIFT O. UNDERSCORE 
ACCENT GRAVE 
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Parity 


Control 




Space 


Ketf>l 

Dec 

Octal 

He* 

Of 

Character 

Equiv. Alternate Code Name* 

114 

162 

72 

Even 

r 


115 

163 

73 

oca 

s 


116 

164 

74 

Even 

t 


117 

165 

75 

oca 

0 


118 

166 

76 

oaa 

V 


119 

167 

77 

Even 

w 


120 

170 

78 

Even 

1 


121 

171 

79 

Ofld 

y 


122 

172 

7A 

Odd 

z 


123 

173 

7B 

Even 

{ 


124 

174 

7C 

Odd 

1 

VERTICAL SLASH 

125 

175 

70 

Even 

1 

ALT MODE 

126 

176 

7E 

Even 


(ALT MODE) 

127 

177 

7F 

Odd 

DEL 

DELETE. RUBOUT 
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T>* JT» II •« HMft" uWdVdlN a-d •*«*»< a»> l—OH. OM"i fcr'N w*wa 

fin tumt'Ound and coiam •■pwimmuiion a*a “"Nfam no^<r , *' l i *■ data uvuri a*<0 »uipu*i a*a TTl com- 
N"b» dunrg bold tha sad md p>ofl'»” modM f# <vs.il an Kmuu »c»d dnacl *•***» win comma*! 
■Itiom bui iln*tu*aa 

T*S ?nj«l al *JS"W Id KanaWa *o* tsilimi mou-iog W se« < !•*•■;- •*** fccn *a TO* A sow d.»vo»i»o" 
ol Oidf 90S •’•incut •"» iac'i'<« m UMd H <c*»~M win !**• 7’ML TX« 77ML Mi *gf> mpvt none Immunlt, 
•nd li lOKI'dd it 10S 0Oad> UCC>| MlamiKa A mgMcaM r»t Id MO «1» at J»<i| to* mtc«*'OC«aoo<l 
'Nulling fail accaia t*m*a 

tm ?;«limn, ii tidKatao win t«a NtMv* M :c<< gas '‘UOSi*fn«gr anjn a.a ' aCa t* a ?»{.« dual imw# 
paciaga 



Reprinted by prrmruico of Intel Corporate Copyright ® 1090 


Copyrig ,AmNDtxc 3brial 




































































































Appendix C2 



2716 

16K (2K x 8) UV ERASABLE PROM 


■ Fast Accata Tima 

- 350 na Mai. 2716-1 

- 390 na Mai. 2716-2 

- 450 na Mai. 2716 

- 490 na Mai. 2716-5 

- 650 na Mai. 2716-6 


a Pin Compatible lo Intel* Z732 EPROM 

a Simp la Programming Requirements 

— Smgla Location Programming 

— Programs with Ona 50 ma Pulaa 


■ Single * SV Powar Supply 

a Low Powar Dlaalpatlon 

- 525 mW Mai. Active Powar 

- 132 mW Mai. Standby Powar 


a Inputa and Outputa TTL Compatible 
during Raad and Program 

a Completely Static 


*»• !»*(• 7m •• • 1434 *»' .•'.mat.i hhu *«J <**» v»r 

m»«iM *>o» • »«*• twit ww *«• • •«*« >u»aw v* •mm •»< 

It w»r<-g «« I moil tot*). t»a 

Ts. 7>ta. Oil" III >."«• Ml •***». axd ».t» .« MOM t—■ «a>H<a a•• *o» a- ►*< W'*>-**™ 

•av mmimito/iMS n t-uTiicasv'sacae * -wu tuaiM mat • •>•»•» «*•«« 

!»• 7116 x •» it* tint I MOM ad* « «i«ix lU-ar. -xx. «-■<» xun r* s« w i—<■<-••.1*1 mim 
tltm. IS. "hItv“ M«». M«W d »•••*• .w™ aMo ** Mh aw . a o~, 1)7 m*. • 

rax nxs*. 

T>. 7716 •« IS. «mf*M v-d latnt -*tt<od rtt Js >M W|r*0*i •'a* tv» III *-.i roto-y-'-i 

No -Mil to. *»»« .OlU|» W."** MUM VI «■*“•« »* •» 1*1 ►*•»< •-* IWOtto* .1 

Naa-eltMr i-Oitidniil. Mooi«t«o> o* strioean. aiP Pa 7n«i i ->»• Wd-w i «ut«- «->-.»•* Tot» pteo>im->-s 

«>-dto.l» '8.JIM l.» lionly tOOMCdfld* 


rl»aOMi T*. me 


UN C0NHCUNATI0N 

me am* 



d»-» 1 SW to. 


PIN t*«(t 



,-W.t !».»• 




**»« macriON 
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ERASURE CHARACTERISTICS 


». >imi cTmactarab 
M 0 "i 10 occur aP*n 
r«* Dior w»a* 


»9"C«| coja .*« Pa JVXW 771* - ( 

«i. •*“* it -»« i« 


II Ra »7I« a to 


T*a mco-mmiM ».<• o-ocaa-m tw> On Cauog 
PttCM.'ROM Ptogw*m»g MW*>». latawM M r. 
771* a •wow'* to Poo-a a »"»«•( »*•. «»a» an 
* a*.i."fP ol 7417 A*Ptmi lJU Th. -*v.« 

a mlnmua 1 II ■«<•> Th. —xy t — am p. 

sawr •a^*Th.771» 

Pcutd M oiacad .pat ImoiNm »b« fc--| 
Knuw io— *"«• M“ * "HI ea p«« Ma M-P 
P<M”I o* amaM Da"*. «mt 
Of VICE OPERATION 


Th. Pa 771* ,.^o ’ — 

I It'Pail'ItanatadPMaainpm.erPaRmnoaatmtal 
TTl M« OimMVawnwii *lv Va and 
• v„ TO. v. n. wi —t w m 7»v ».—i Pa 
Ihw. »r»r—mmg m. n*d >w M n IV - P» op» 



MAD **00€ 

TO. 771# On Hwc 




»<• < - »W> ■ (too On ■ Pa njv» 

M (-atm <Ct» a Pa w— <PW 0-0 Po« fa -WO 


■xrniM an n*oa nm nn •— «.«> a n*U to 
P. dMay **m CT M mt»*f «<,) On. a »m» r 
Pa 170 m not > •**• P- •■*=-$ 

»"-1 *wt Cf ha. bn On a-fl omi M-« M> 
raba to* M .hi lace - 'ot 
8TAN06V WOOf 

Th. 7716 ha. a nrOi -OR -h~n wm P. km 
«— a»cr<r * 7S» Mm 574 Mb to 1» -» Th. 
7716 tp*« at P. urOi-Mi B. «*• ><-; y T'l f-fi 
Uv^noPmtt PO.I «V-iirt,~o.T.aM 
noi>ifiMMraiin.a esr «oto>».R*(iiii 


Jtf APPENDIX C 


OUTPUT OR TIE ING 

Bkhjk 7716* n uomPy uwd I" 1 km* memy. nt.tr. 
MM Ml »»OM • 7 tin. control 1-ncton Him aceotib 
flam Pa .u o* muiiD* mtmoiy conntciera. Tit* two 

lua control tnwiot Mlowt to* 

•I Pa loam MiOt mtmoty pont* On colion a-o 
bt cempatr num. Pal e*.ip-t tos ccnunuon mil 

To moo r*t<a-tly .** Oat. lap control Knai. It It tyocnv 
na*«M Pat a Ipo 1BI 0. Owoflrfl Mtd tiMO M Ita 
V One. isaeiatg •meiion. mtm Of Ip* 70i M 
mafli ■ »wi connatcem to all man In thi nil, ao 
CPMKMfl 10 Oa READ laa tiom Oa lyiltrn cont*M Inn 
T**a nan PM Ml dnrWlad itamo-y Or. eat an In Pa. 
!o« POM itandby mod. Mill Pal pa 0bWb1 pna lit trty 
■"*• Man flat, a WiM Mom a pmIiiwIm mimoty 


AMy. an» iDr ••«> atant., at hut ot p. 7718 o. In 
t>a -I” ...« DM. It introOxad by iaaft~.lv pio?.m. 
t*"l "V." P10 Pa fln'ifl bit iw.ioni. Aiiho.p only 
~V>~ -* b. frapM-mad. bop -IV" and "VC can la 
pwta-tofl " Pa AM. wd. T-a only way locranj* a 'll" 
M a “I" It by vlltnaAM Ipn .tarn.. 

TM 771* it at py p-ogw-i—ng mod. wt»n Pa V.. l>o«.t 
•mpty a at 74V and Of l. it V„ Th. d.i. to b. p*o 
pMrnwd -t appiwd • bt. m pat."M to Pa 0.U oiilpit 
pm Th, —Ml ragyavd *b Pa a»m ptfl d.u inm.li <1. 
TTL 

•M- P. aOPt« and 0.1. .m t1.b». . M*. Min. 

H^I. TTl laorwn |Uh n mc* n<1 to Pt CJiTOM npot. 

A pmg-B- puha -nat Ot *m>ad at aath aOPtn lotMion 

to ba crogw—d “o. f." pc^a- my location r any 
t«—a - athw in.K- 1 -Hi I laa — iniiy. o. ai *wtdom. 
Tha pop am pulta ha a ma.l"um wtdP o' 85 mac T>4 
771* -hat not b* c-OTM-v-M Mi a OC Hra« aK-iM 10 
r-CT»CM newt 

Povammmg ot -«lt«W 7718, in pm'lfl wlp Pa M-a 
Oaia can ta »» Krompinhad Oua in tta H-plitiTy ot 
P. PCWM-mm, mthioo-anii lib. input, of th. cmM- 
tab* 77tfc ma, by con-actrd togtthai -htnPt, m. pn> 
pommtfl M Pt um, data A npn linn TTl l*Vu 
aniiiyfl M P, Cf*C«* inpul twog.*-! p. paiMItlifl 
7718. 

PROGRAM IRMiatT 

P*c»ammmi «1 multiply 7716i m potallrl mp dlftrom 
Oa-j • ato hhiI. atnmpinhM (yr.pt tot Cl'PGM. Ml 
bU nouR (ncvong Oft o' P. Pnai*l 7716. m«y la 
lom-a- A TTl ly«M pogr.m IX.M aDptml to a 7716T 
Cl +CM input .* v„ at 7SV mu pioyatt IhM 7718. 
***•» Cl»G** np.1 MhbB p. oPa- 7718 Lorn 


PROCRAM VI RIP V 

A a*4y P»0 t* cmyrnM on py nto^wttmtd on to 

Ocltt-tn. Pal Pm am eo-acriy c*ot»ammM. Th. 

may Ot hHoi-M »P «- M 75V E.c.pl Pring p* 0 - 

ya-.mi-g a-d crogram *at»y. V» mutt bt ai 5V 
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Appendix C3 

inlel' 


2102A, 2102AL/8102A-4* 
IK X 1 BIT STATIC RAM 


P/N 

Standby P»r. 
(mW) 

Operating Pwr. , 

< m *> 

Accesa 

("•) 

2102AL-4 

35 

174 

450 

2102AL 

35 

174 

350 

2102AL-2 

42 

342 

250 

2102A-2 

— — 

342 

250 

2102A 

— 

289 

350 

2102A-4 

— 

289 

450 


■ Single >5 Volts Supply Voltage 

■ Directly TTL Compatible: All 
Inputs and Output 

■ Standby Power Mode (2102AL) 

■ Three-State Output: OR-Tle 
Capability 

Tha inl»» 2>02A !• • Mflh apaad '024 «o*d Py one #•« itat< «uu »e - > ory -a* I X ul^>g N-ttiannol MOS diWN 

intofl>al*d on ■ monoiitme array li >hi lolly DC ink) and ***••«* no Oocaa <* roTraaMng 10 

oparalt Tn# daia li fold out nendeHrudUvery and naa *e PO*ar*y » »* **P«4 

TH* Ji OTA >* daagnad >0' memory ice<•*«>« ■» rugn w>io—*»- coot •»’»• M itorapa. ond !<-*•• iMadeemg 
important diogn ofciactivai 4 iow irando? pow »«w ifiOJ*u a **»o oi«*frw ir naa on in« operaiMp 
C'U'Kd'Uf'C* ori"o 2(024 -iMMa *Jd»3 pO«»« d«l<0«t>»'*1 Uanoty »nd 

li li di'iciiy TTL eompanwa In m •mpoc'i '«»'• ovip-x and • i'ja -5 o>a Mm A Mparata cn* araoe iCE) toad anon* 
#My iiiacion o* an indvidoai paciaga -nan ovipvti ••• on-t-ed 

Tna Iniai* 7'CCA li lapncaiad -im M-c"amai liKon gam «aen»crog. T*u» tacnndogy anowi r- da»gn and production ol 
tilgn partormanca any lo uaa MOS c«udi and provoai a rtgeer Amctonal danaity on a monoKMc cNp than anhar 
eorvonfonal MOS lacN'ology or »>-t"arn» aacon gata lacAnao g y 


■ Inputs Protected: All Inputs 
Have Protection Against Static 
Charge 

■ Low Cost Packaging: 16 Pin 
Dual-ln-Line Configuration 


PIN 


CONHGUHATION LOGIC SYMBOL 


*• - 


1 s _ 

s 




s: 

»» 

)N 

s 




— r 

18 

IN II 

■l 

*1 

o m 

' 

NN 

*.t 

t> 

)« — 

A 




•>'- 

If 

] Orta Our — 

> 



a" 

*.C 

t« 

- oat* - I- 

*: 


— 

A-. 

■.r 

f • 

• 

Inc — 

:« 

? 



Jk. 


TRUTH TABU 




BLOCK DIACRAM 



— 


MW 
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2102A FAMILY 


Absolute Maximum Ratings’ 

Arrtjient Temoeyature Under Bw -KTC to 80"C 
StOrage T*mp*r«»ur« -6S"C IO *1S0*C 

Voltage On Any Pin 

With Bewect To Ground -05V to «7V 
P©*ver Oimoaton I Watt 


•COMUENT: 

se«m th»t liM und« "AMcH-ta Mulmum Rating" 
mar CM* pawn damage to ttie device. Thli It a itreu 
wing only r*, t.-Kiional «*at.on o' the device at meteor 
at any other condition above thate indicated In the opera- 
bcna* aaetiona o' *ea «nc.»icat«n I. not implied. E-IOIO-I to 
a**»*v«e ma.«n« eating conditions f o> e. tended periodi may 
•"act device Stability. 


D. C. and Operating Characteristics 

T» ■ 0*C to 70* C. Vcc • 5V 85* v«Heee ot»»en.»t toaoi^d 




n»ZAituA4 
mm. muu 

UH 

— Hu 

2 i 

h 


If Caadieaai 

fen 

l»evl load Camel 

1 II 

1 » «• 

*A Vx-0lo»«V 

lux 

Ov«gl lull* Cental 

’mm 

HJ 

H 


•tot 

0vtjvi lull* Cmeai 

IHH 


Q 

« • MV, 

VouT * »«V 

H 

Pf» Svio 1 Caw 

U tote* 



Allln»ull-inv. 
Of OulOf. 


r**ir^r—— 


CXSHHZl 

D 


V,M 

*« ■*>**» 



H'* 


Vot 

0.i»m' I f V. ug. 

LcMHHLX flHHHBLLS 

n 

•of*'-* 

Vo- 

C.wut "•+ 


D 

•0---'®kA 


"* " J TaTwI^l ' ^eW eTt-Ttii Wt KijT^t J^Jaa a*d IM f IIOJAI ana HUAI*. 


Standby Characteristics 2I02AL 2102AL2. and 2102AL4 (Available only In tho Plastic Package) 
T» - 0‘C 10 »0‘C_ 




HIM! rural* 

mm r 



Syfel 


Hn Tf.HI W. 

llaM 

Ma Tfl'l Mai 

Of 

If Coitfitiam 

v *0 

Vj C in !>•**•■ 

• ■ 1 

it 

It 

V 



Cl Bio-W-lt, 

u 

>1 

V 

rOV*Va 0 <v tt M„ 




VfO 

V 

itv*iivo<rov 

't>i 

Stanley Cmmi 

it n 

n n 

nA 

AllffWoi'UV 

'iQI 

Su-dby Cenial 

w X 

n » 

mA 

AI Ivpeti • Vapj • J OV 

•cp 

C»o Of loci M SaMSi t me 1 

• 

0 

ai 



Sums. Ifcaiay Ti«e 

«e* 

*■0 

»t 




IMAPPOOIXC 
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2102A FAMILY 


A. C. Characteristics t a - o“c to 70*c. v cc . sv .5% 


RE AO CYCLE 


Symbol 

SWOTS* 

2102A2. 2IQ2AL 2 
l—•<«» 

Mm. U„ 

2I02A. 2I02AL 
UM.M 

Mm. Hn 

2102A-4.2102AL-4 

U-uOal 

Mm Mb 

•AC 

«-wc v « 

no 

360 

450 

<A 

Accra Tin* 

250 

350 

450 

ICO 

Olio EniDIt lo OuibjI Tit* 

130 

ISO 

233 

*OMI 

Pi^ioui R«d D.i. VMd -lb 
"•suet to AWin 

40 

40 

«0 

«OK2 

Ptrvioui Ram Dm Valid »<b 
R«hmci to Chip EiuM* 

0 

0 

0 


WRITE CYCLE 


«wc 

*Vii« c«i* 

250 

350 

450 

Iak 

AddHM»W*uS.tupTimo 

70 

20 

20 

«w» 


ISO 

250 

303 

**" 

**'« Rwo-y Tim 

0 

0 

0 

low 

0.1. S*tup Tim* 

ISO 

750 

303 

'DM 

O.t. Hold Tim* 

0 

0 

0 

<on 

Onp Enibl* to Wilt* S*tVA> 

T-m* 

ISO 

250 

333 



Capacitance :, t* -»*c. i-iwmi 

A.C. CONDITIONS OP TCST 

Q i Vcft m 20 Vs#* 

SYMBOL 

TEST 

LIMITS l*«l J 

tt*iT 

«> 

Ifipul Rim •«* ».ll Tm*. 10mm 

I-o-m IS VMm 

Cm, 

•WUT CAfAClIAMCt 
i*ii eewr "•*» v. N - ov 

3 

• 

O.WOILW* 1 YUCm*m«eflW** 

Cqmt 

OUTPUT CAPACIT ASCI 
Y^-OV 

» 

«0 


Waveforms 


REAO CYCLE 



WRITE CYCLE 


-di 


k 






y 


ft* 


ROTE*: I. '«-?rCi 
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Appendix C4 

inteT 

2114A 

1024 X 4 BIT STATIC RAM 



■ MMOS Technology 

■ Low Power, High Spaed 

■ Identical Cycle and Access Timet 

■ Single »5V Supply t10% 

■ High Density 11 Pin Package 

TN» Intel* »1l*» « a ecosmt italic "Mor- Aow Mrm m ion •oot ar *•*! temg MMOS. a f>*9* per- 

■omenta MOSIatrnoqgv ll i>a«K>*> DC aiar»» .t»r< I o*wa-r r<Mya< » 60“ r.»i|,WN owo>og m»-»1oari 
retN-aanoMocMorrMreinmgtoope-eie Oaaa ecceea a —»cOO«r .-l« -« Mi l aaa>« n naa ere no -Qu—0 Tie 
dale i* r*ad out «o<via*i'i»tiw» mo "aa re aa-a poar*r aa a* <tau Cwa ire^eo^A a*e « P'a*'dM 

Tie ?i i «A ledaegnad io« memory apeacaaona anem me —g" Pa***"** 1 '** a*d *»y> r»i i aoatt» q« maos loe coal. ie>ge be 
aaoiaga and •<“pra interlacing are impona-a Ot-r a»*'<a Tie »tl4A • pieced ai an ia*n pacaaga lor l»a txgleel 
poaaiD* denar. 

IIladlraelt. TTl oompeteremallreepecte rwa.wn<i aMairga^iMm AeapaMaCNpSelect|GS| leadalioai 
aaar eaeciton ol an mar.(duel pacaaga -nan orvu* are oMal 


■ Completely Static Memory ■ No Clock 
or Timing Strobe Required 

■ Dlrectty TTL Compatible: All trvuta 


■ Common Data Input and Output Using 
Three-Stale Outputs 

■ 2114 Upgrade 
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2114A FAMILY 


ABSOLUTE MAXIMUM RATINGS' 

.-WCHWC 

•..-«6*ci»wrc 

Vdtaga on any Pin 

WO Rawed to Ground.-45V10 -TV 

CteNpefon.lOW 

DC OutptA Co»r*r*. 


'COMUf MT: S -wwi i»* rf>o»e tot ad und»r "AMoWl 
Uu—jm Oaf»ji- •» cw»e oarmenanf da-ape *0 rfta dance. 
Tna « • iMb 'a) •’*9 0<*y and functional ooerefron o'("a dance 
at maaa or any W contttem eCo-e moee Mdcefed in Ito 
c***'®'* eeciene o' ma wec*«:ef>on a nor *Wed. £«- 
poau-a a -of «p*ad fwoeure to aeeooie me.*tu» /afM* 


D.C. AND OPERATING CHARACTERISTICS 

T A • o-c to 70*C Vcc • sv 110%. uniaaa ocnerwaa noted 


JVMBOl 

PARAMCTtR 

2114AL-1'1-21-11-4 
Tr*J*l «u 

2IUA-4. S 
u« Tr*»'i ate 

UNIT 

CONDITIONS 

«U 

Inoul Load CuartM 

IAII Ineul R«l 

10 

to 

-A 

Vet-OioSSV 

»U)I 

IO Lh*«|> Currant 

10 

10 

-A 

S-Mm 

V„ 0 -OND to VCC 

•ec 

Ro«. Sum*. Currant 

» «0 

SO 70 

-uA 

V«- ">a«. luo-0mA, 
Ta*0*C 

v* 

ineul 10 - Vo-uoa 

-SO 00 

-SO 00 J 

V 


Va. 

ineul Vote* 

20 00 

20 00 | 

V 


•01 

0*** Le» Current 

21 00 

21 00 

rte 

Voi - 04V 

'OH 

Output Mgn Current 

-1.0 -2» 

-1« -20 

-tA 

V 0 m • 24V 

»0,UI 

Ouipul Snort Or cun 
Cun.nl 

*0 

•0 

mA 



Wtli I. Tnaat^M.**far TA-jrCa-dVce.***. 
I "> mm io 


CAPACITANCE 
Ta • SVC. I • 1.0 Mm 


SYMOOl 

TIST 

aux 

UNIT 

CONDITIONS 

Cm) 

loom .Outerl Caoeoianca 

s 

P» 

Vuo*OV 

Cm 

•WCNRNte 

s 

1# 

V M -OV 


■Oil: TM*~-et.*. 


AC. CONDITIONS OF TEST 



Outer! load.1 TTl Gate and Ci-100 pf 
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Appendix C5 

intgl 


8212 

8-BIT INPUT/OUTPUT PORT 

■ Fully Parallel ••Bit Oala Register and Bultar 

■ Service Request Rip-Flop for 
Interrupt Generation 

■ low Input load Current — ,25mA Mai. 

■ Three Stale Outputs 

■ Outputs Sink 15 mA 

The 0?i 1 inputouiptA oo" eoneeis o* §» e-#4 ts*e» mitr ] w s«Apmi e*e*s ce* » e—S de*<e sessn i m 

logic Alio included is e semce reeueu "o «« *o» »e gsns r eso* see cmTO s* —moss so s*e ■kico’ocmw* 
The dewee'I mullimode ih nature «c** oe usedtoimpie-e-t w*ei geted ».-«o« m’mwi n.u» e>o' the 
pnncipat penpheiel end inpuboutpA IMCBOaa o' e noao-eue ww con he "pie n K i as mm pus *-<• 


■ 3 65V Output High Voltage for 
Direct Interlace to BOM. BOBOA. or 
•M5A CPU 

■ Asynchronous Register Clear 

■ Replaces Butters, latches and 
Multipliers In Microcomputer Systems 

■ Reduces System Package Count 


conhoukation 



PIN NAMES 



(OOC ChSGSAU 
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8212 


FUNCTIONAL DESCRIPTION 
Data Latch 

type <st^ Tna ixcput (Oraf vm -am 

<uu ■vui ( di •»« n cjoct ««eu> 1C1 •> r^ni 
■nocu>N«iaacciCii«v<aM. 

T>* latt«*l {.u it c-aa-at1 by *» 

Input (GAj I Not* Ctt> (Ci 




Output Buff*' 

Tht output O'»« MU ttto lOl »> S^UM. 



Ttc r.<p»->~paOa-tt itm Hox r. MW»"a» ta cgvacl 
«J<2 etraesy enw tea nucroe>ocMte< bMKtoW 
atueua. 


Sarrtce Request Flip-Hop 

Thp i SO I Hp-Hoe It MO to gen«i«l« in) control 
Initrruptt m nuc-ocotnputBf tyWemt It U eiyncfuon- 
outy an by me £l® inpu lactire lowi Wh*nnelSR)IUp- 
fleo 4 let « a m be ron-inttrading Kate 
*>* CXAPJI o' me iS»| nip-*top tO) 0 corvectea to in 
intein-.j *out o' t *NOIT gale The otPar Input to mo 
■NOR- gaia 4 ro'-.n^riing in 3 it connacieo to Uit 
traction Kg< (0S1 • 0$»i. Tbe output ol lit 
*ttOtf pax i INI I It actut loo (Inlerrupai-q natal lor 



D*1. 082 (Drrtc* Select) 

2 moult a-y u«4fe» «*.<<• Wtlto' **«eOti* 

inMDUtngxHI'MIMWntttiitOit «t 



MO (Mot*) 

TIM input k 

an. to Mtpnmnt tne aource at me c«« mpul tCi to re 


“■£' *» me' 

i«t-0Mi 


*• tout# a# ctoca 1C1 to re Mia taacb ■ t*e 


8TB (Strap.) 

TM *Mit 4 uttO M -e OOCt (C> 101-4 M» W k. 
Input moot wo ■ Oi an. tp noucnMUi w tre 
lenice homi ttp-Oap tSfti 



8212 


AppUcaHons ol m. 8212 — For 
Microcomputer Syatama 


H 

■I 

IV 


►Oradtenai 8ua OmM 

lnter-ue«rg Input Pe*1 


V tTTtarrvpt Inttmclion Port 
Vt OutW. Pent 
V" *0*DA Status law 
VOI soas* A 0 »aat uw> 


Two awe*** c* ■*>» to tT» pptj on lyt»” 
aentmaiica — 111 tna toe beng re MaMed »e- t*o—-g 
pnrwrcana^OiraKnMM^tanroMran 


aWg re eyyte- "®U o* output at a tyttem but I but 
contanrq a parMel ii'eei The output to the Oau but It 
tytnboK at rataranclng 6 parailal lines 
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ML ft-OreMon*' »u. D"w 


* pair </ eai u <e*c*-n>-&*c» wmmhi 

CO"tro) aflKA 4 
10 D« 0" r* 

•on* m • mpM 

moM.Tw«a«ary 
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ivovt It- VOil.it f» 

Mr* to ovt*ut D(i»r 
** 10*0 C*»*CtT**tCI 
































i in ? i ? 











































Appendix C6 


STANDARD MICROSYSTEMS 
CORPORATION, 


*» u® *&a m at camrnmi« «. o' «iu d 


KR2376-XX 


Keyboard Encoder Read Only Memory 


FEATURES 

□ Outputs directly eompatnye -tilt TTL/DTl o> 
MOS logic array! 

□ Ealemal control pro.»dod «o* Output DOtar*y 
!e*ectmn 

□ Ealomai control prondao <or MNctron o* odd 
Of nvart parity 

□ Two > ey roll -mw operauon 

□ N-«ey «c»oul 

□ Progummaoia coding win a iingaa m«*» 
cuango 

□ Soil-contamed oaciiiato» circuit 

□ Eitomaiiy con»o>«o oaiay natnorti pro* cod 
to eummeta the •Pact of contact Oou-ca 

□ One inloaratoo oreuit roquirad to* compote 
keyboard anomaly 

□ Stal e cirergo protection on an input and 
output terminal! 

D tnwe cecuit protected By a layer of oiaia 
paimalion 


PIN CONFIGURATION 



GENERAL DESCRIPTION 

rna 3WC KA»T|. »« a a "aaO O-iy Memory any »o*>e* -Were r y m - rt i 

•im a" ma ioo<e necateary to encoaa *-9* eo*« f r, arejr*. a ■ * wow -m-> 10- i —NW 

3 - iiruw eWira* m . wm *e.i •—< #-0 rw p-ct»nr«t 

1 Oaua»fltiroen»jtpMi«aie»«»cti»comBat>ew r*i*t*^“*o>i''i-i«nciii-s»“0'jmi 
wm TtUDTL or MOS logic a-i.r* »"nu»i me wee o» 01* i.nleei«l|.-r«m.n MUp 


TYPICAL CONNECTION OF KR237SXX 



Airoroacue 



















































































MAXIMUM GUARANTEED RAT IN GST 

Operating Temperance Range.0* C10 ♦70' C 

Storage Temperature Range.-56* C to+150* C 

GNO and Vao. w*h respect to Wx.-20V to 403V 

Logic input voltages. with respectto Vcc.-20V to 403V 

t Stresses above those Hated may cause permanent damage to the device This ii a stress rating only 

i those indicated in 


ELECTRICAL CHARACTERISTICS 

<T. = 0-CIO *rO*C. Vcc = 4SV IQ3V. «m - -t2V at OV. -n«iOtherwise noted] 


Characteristic* 

Ms 

Typ 

Mai 

Unit 

Condition* 

CLOCK 

20 

50 

too 

KHi 

Rsr n *"“ 

OATA INPUT 





logic "V Level 

Log>c ‘1‘ Level 



404 

V 


¥cc-l» 



V 


Input Capacitance 

INPUT CURRENT 



to 

P» 


•Control. Sinn 4 VO 
thru VtO 

•Control. Shin 4 VO 

to 

too 

!«0 

P* 

Vw ■ 450V 

thru VtO 

S 

» 

so 

*-A 

We - Ground 

Dels Invert, Parity Irwen 

DATA OUTPUT 4 X OUTPUT 


«1 

1 

** 

Vw- -50Vto45 0V 

logc "O’ Level 



*04 

V 

lot — 1.5mA (too fig. T) 

Lo^cT Level 

Vcc-lO 



V 

Ioh-IOOvA 

POWER CONSUMPTION 


MO 

2CO 

mW 

Norn Power Supp Voltage* 

(see tig 4) 

SWITCH CHARACTERISTICS 





Minimum Switch Cosur# 
Contact Cloture Rev Vance 

tee timing diagram-ng 2 



Between xi and Vi 



303 

Ohm 


Contact Open »et*tanc* 






between xi and vi 

tatO’ 



Ohm 



•Inputs —th Internal Rewior to Vso 


DESCRIPTION OF OPERATION 


The KR2376-XX contains (see F-J 1). 

ROM. S-stage and i vstege nog colters, an u-M 


ol comact Cour.ce. and TTL/OTL/MOSc 
output driver*. 

Th* ROM portion cfthecrtpi*a28«by9-M 
memory arranged into three 65-word by 9-Sit 
groups Tie appropriate iev#s on th* Sn<h end 
Control input* selects one o» the three 88-word 
groups; the M-individual word locations are 
addressed by the r«o nog counters. Thus, the ROM 


by combining the Shift and 
Control Inputs with the two ring counters. 

The a»ternai outputs of the 6-stage ring counter 
and the external inputs to the i i-bit comparator are 
l to me keyboaro to toon an X-V m*tn« with the 
h*s as me crosssoini*. In the 
when no key is depressed, the 
are docked and sequentially 
address'the ROM; the absence of a Strobe Output 
•nocates that the Oats Outputs are 'not valid' at 
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Wne-i a key is depressed. a uncle pa!* iscompleted 
between one Output Ol the g-stage ring counter 
(XO thru X7) and one input or me > f-bit eomo^ate* 
(YO-v to> Alter a number otooeiicycle*.# condition 
-ill occur -here a level on tnc selected path to me 
comparator matches a ie-«i on the corresponding 
comparator Input trom the t l-suge nng courier 
When this occurs, the comparator generates a 
signal to the c-Qc* control ana to we Strobe Output 
(via the delay not-ork). The clock control swps me 
clocks to tnc ring counters ana me Data Outputs 


(3t-B9i stabilize — ith the selected 9-bit code, 
indicated sy a Va-J signal on the Strobe Output. 
The Data Outputs re***n stable until the key it 



eternal poancy control o• me Data Outputs Pan:y 
Invert l»n6) pronoet PPA*>ty control Ot the Parity 
Output «*n 7) -rue me Data and Strcoe tmert 
mprt <pn 20) pro>iOes lor P0«n*y control ot Data 
Outputs 01 rvu Be (puts 8 thru 15) er>3 Die St'OOe 
Output (p-»»6) 


SPCCIAL PATTIRNS 


Since the selected ceding or each key is darned 
dunng the manuitciuie ol the ch-o. the coding can 
bo changed to fit any parted*/ application of me 
keyboard Up to 264 codes c* up to 8 bits (plus on# 
parity bit) can be programmed into we KR2J78-XX 


POM covering most popular codes such as ASCII. 
EBCDIC Setectnc. etc .as— «e»e*ayspeo* zed 
cocas Tha asci i cooe a a»a.iaba as a SIMM 


TIMING DIAGRAM 


f -—— * 

;n_n_ru-nnn_ 




imtciitiaue-i-mnawt • • t—«» ■ 


“!§§§; 


n*2 


POWER SUPPLY CONNECTIONS FOR 
TTUDTL OPERATION 



POWER SUPPLY CONNECTIONS FOR 
MOS OPERATION 



Fig. 3 


OUTPUT DRIVER 8 T OUTPUT STAGE 
TO KEYBOARD 


-r INPUT STAGE FROM KEYBOARD 



Flg.4 


Co py r i g al 
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Appendix C8 

mstBMxs*™* 


CRT Video Timer and Controller 
VTAC S 


CRT 5027 
CRT 5037 
CRT 5057' 

MPC FAMILY 


FEATURES 

Q Fully Progr. 


Character* c .< <3Ha row 11 -KO) 
Oauro.»p*r »'ime||.64> 

Paw* Kara p*. Oala row |«- 1 « 

O ProorammaBla MOftHor Srx Format 
AaHer3can*-Fram*|2»-t02J) 
"Front PorciT 
Sync Wxltn 
BjckPoreir 
lni«n»ca'«.oii-i 

Vifiicii 8l4<*air*o 

□ loc* lint inpul ICRT SOST) 

DO. <aciOvtour.roCPTMon.ro. 

Vamcai Sync 

Cc-*»oHo Syne |C*T S0J7. C*T M37I 
BUnaing 

Cur*or coincidence 
OProo-ammaona: 


(Wnl FROM 
Man Oonon POM 
D Standard or Norngiandard CRT 
CRa*r*t««Ula Mny.JOHi. . 

□ ScroHm® 

Single un« 

MlMAMM 

n Cursor PoM'on Hegitlart 
"al laT. 7» 


DCn«*ecter formal faT.Tat.. 
c ProorammaBla Vertical Dare POlitionmfl 
C Oalanced Beam Current intertacelCRT JOJTi 
□ G'apnc > Compalide 


PIN CONFIGURATION 



-••'►er-Vo 

•Tl Ompatt: 

O^SO—aa 

5 0, 

C COPIAMOS* NO-annO 5,1,cc 


c Co-oaJ**a CRT *X2 VOAC 

C C©m*at«*e ww. CRT nu 


IraCPT f,m.. are Co"lro'-r C»rpiVT»Ci* 1. — • t 

:r^cner,-»K.-aa^*Kj.aMaaejee~ w*»*e»rac 



The CRT 
CAiao. 10 ma M MC or eo «c'oe 


wall lulled I of European ayitem regurementa Tr* »r* rre<x-r<, . 
wao'-w ico< lerai. nepoiedto me l.na oc ap, TnaVTAC* — 


The 
iortr*\»TAC» 


Topro-ieainetKiraq 
•FOn FJ!U“€ 



nerwrmer MOS'l$l 
avj formatting erf 

MM"»an<Sirwor#no« 
ic.cha'acle'e 
•t*e 1 Fa flail row 


•Bde* a~d eaia 
*9 Out onto the 

an rmo o» odd 
owTn*CRTSOJT 
niarwcM -ode* 
toncautao&ythe 
e«.«y» 

VTACi* .ertieaf ayr< 
Th* it particularly 
to the VTAC*a 
aync until a reno lo 

i atl*. a. j t-anv.on 

••CRT SOS 7 . 
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Description of Pin Functions 



2H6 

oes-7 

Data Bus 

lO 

3 

cs 

OoSeect 

1 

39. <0.1.2 

A#3 

Rageter 

U7IU 

' 

9 

c3 

OauSooce 

1 

12 

ccc 

OOTCosta* 

Carry 

1 

36-32 

"*« 

Cnaradar 

Ccurte< <XtoJ» 

o 

7.14 

R’-3 

Scar Counter 

OiM 

0 

31 

H7iOR4 

K7DRS 

0 

a 

* 

SonCouraarkSS 

0 


»x 

0R#« 

0at.no. 

Counier Oueutt 

O 

17 

ft. 

Btona 

o 

'• 

MSVM 

***•■» %R9 

o 

11 

VSVN 

Vane* Sync 

o 

10 

CSnv 

Ul 

Co«ootoeSyneCMpu»/ 
Una lock Inpul 

(VI 


te 

CRV 

Cu-*y»MWo 

o 

14 

Vcc 

Po-artvccty 

PS 

13 

Vac 

Po-oS»*e*T 

PS 


OMtVI *-«•/ IK II X tO «<H» t-om w 

PROM B^rvcaoni but to osier M3lH 

&y«(fter«' B Mrc»J3n»J 

Ragoar addraei on to teieang one of Mvan contto 

regeaareorePercttiieareoraooreeeregsieri 

Sveftee 08S7 rto re approonete rag** <x oato** die 

ono cfierarto anaa cr uno* toe addra** o'*) me Mi Bus 


Carry awiottcncoot 
ttsca itit Cnerac'er c«x« 


T>*aa «»c« ugnRcanr cat of Ha Scan Counter. roe aBact 


Output teUM)* 

"a count (REQ.() it i»12 


Lean ngruticant M ol Pie kw counter. In ire inter¬ 
laced mode .mar even numBer crl team per data roa. 
R9 toggle at era r*d rata; tor an odd rn«ar ol 
•cane pa* data roa m Pe interlaced -ode. RS ail toggle 


Oauftoeceuaeoutxct 


Oa*va non ac*>e colon or rcrironur ard rtiKal tear* 



CempdMe .. ro»ded on t-e CRT 5077and CRT 5037. 

TNa output n attire * non-mterteeed -ode only. Provide! a true 
RS-1T0 co-poete i»»e -are tomi for Pie CRT 5057. Pin pin la 
Pa lme LOU input The i«e treguency •orator*. proceeded to 
cordom, to the vtac* •oec».*3 logic ie.a.. • appi.ad to ma pin. 
Oe*r*. araor weapon * due lets 

•iiatPMtan 
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Additional Fraturr* 


Oavceta«a*»vo" 


O' * m Th# fle.tc* *»H •"»*» * r* too e* M am paga «au e»n cc'-tots « bkoo p* pr«*linB • 11i e 

«9*mcn«M. 

V«i' Salt UaCOj '—to a npvpOMMOi »Vf»-r«» 

1111 aoarasion *3 a wxl u raMMdS> tMt»oe s»ec*rust(55t '*aim»5»tss i*>uwt>a-i*n:ar»;u-q 
•W to i"wt rat all »•«•« t*9Umi "iv* tw «MM pw '-cal «w»OT iroa* tot -WiitctoJ) TV* omrg 
sscuooca -licatji'j-* tn**caiura«tr>« 1111 tomintwtf w'lwi't'immin 

p-eitrnngrafii'aO^Matonaoavca S«Bc»:.-q m»- v «wj E7 rrrsyo-^ r» tti ox>» "« >» a to r< Of'ra t»gi 
«w otiatea Iha Itnng Ctiae 

Scidlrg—in »00no" to t"a SrgV.r’ « Vt'w ef r* 'js 0«(j,«C a*u ro- « 'toor ecrtmw iumu if 11) 
OOitrtM to IK ct»-ca «* rc«i"«ni tr* wv l*j -c- ccui o tacwj» uc lajioq n ce-un a»icai«i» 


Copyrig "^“^rial 




Control Registers Programming Chart 


j'.ionttl Una Court 


Horttonuf Sync Of ar 
HOTODMtf SjK IVAOl 


Toltf Oaracssrs/Una - N * 1. N ■ 0 ID 2SS <090 ■ LSB| 

DM 061 OBJ 

0 0 0 - 20 Aotra CnaractarVOall Ro- 

0 0 1 - 32 

0 1 0 - 40 

0 t 1 ■ 64 

I 0 0 - T7 

I 0 1 - BO 

1 I 0-96 

1 1 1-1*1 

- N. *om 1 to r c'U'Kle' fmes (060 - ISB) IN • 0 DtsaOpaetl) 
• H. Iron 1 so 15 ctoraeMr Haas OBJ - LSSl (N - 0 &sallo«ad) 
Sy»c/ ®an. Of*r Cursor Daisy 

oer see iCnaraaar Tanas) 

0 0 0 0 

10 1 0 

ota i 

>12 2 


LKlMMOlIl 


- 2* « ill Therefore to*525 »can». 
sync -in occur procrsdy every 2624 


V trite 4 t 0414 Sun 


Dalt aout'^rtru*; 
last Data Ron 


Scant; Data float 


21 •non-tnta'*act0n04*~scansr"aret - 2X . ZV> Tharttorp lot 262 
scans propraenX - SiOOOOOOiif. 

"ones - 216 so *6 scan*/*sr-a tvt- count. o*y 

w • *«• -004 «K» Sync .om is n.td at ivaa nor .sorts scans (-3M) 

H - MMT o' 'tsstr i<nat May »«ar taaOng toga ol vortical sync o' 

yarWat start po»ton <090-IS6I 

feu-Mr 0* OSU ro-S - N . t. N - 010 63 (OSO - ISB) 

H - AOO'Mt at las' owT'sr.3 Oils ran. N - 0 to tt ta, tor 24 Oils roat, 


CWT6C2? Scans pa* Data flow - N. I »»»oN - pfogtammad 
tta'SToat H - esatt Scans par Oauroa must baavancounts I 
C*t JOJ7. CAT VM? Scans pa* Oats Ron ■ N .2.N ■ Oto't.c 


C*? VMT CPT *n» C*«T JOV Scans par Data Row - N » 1. osoor 
a^ncourt ft - Ota IS 










BIT ASSJGMKXT CM«*T 


i*** wnotr w • 


»i-i.i Li-i.i i*i — i’i?iri i.i la -i i im 111 a 




iJbTT*! — m i i i 11 isi - T>T~Mf i iii 


' 1 i«l I l3l»TT»l - H*l Mill |i1 H I IM I I I lfl 
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MAXIMUM GUARANTEED RATINGS' 



ELECTRICAL CHARACTERISTICS (I.-ffC 10 WC*a- -SV i SV Vw- - t2ViSV 



OC CHARACTERISTICS 
INPUT VOLTAGE LEVELS 


Lo-LovoLV* 



OS 

V 


HghLOVSl.V. 

0UT>UT VOLTAGE LEVELS 

Vce-iS 


Vec 

V 


Loo UvfV-Va lo> R®3 



04 

V 

to-32m* 

Loo lov»-Ve. norm* 



• « 

V 

to-ifc"o 

Mtf.Lo.ol-V*. to R»S.0W-7 

>< 





Htf> lito—V*. ill out* t 

INPUT CURRENT 

Low LM. I. lAJdfM* CS only) 

24 


2S0 

p* 

to— 40-4 

V.-0.4V 


» CS) 


to 

+ 

OSVWSVce 

D.I.0-.C- 

6s. Occ. c- 


10 

IS 

pp 



2S 

40 

p» 


AHonw.C* 

DATA 0U3 LEAKAGE * INPUT U00« 


to 

is 

p» 


M 

POWER SUPPLV CURRENT 



to 

•A 

04v-v.-s.2sv 

t* 


•0 

too 

mA 


«• 


40 

>0 

’* 


A.C. CHARACTERISTICS 





T.. 2S'C 

OOT COUNTER CARRY 






*oqvoncy 

02 


40 

MHi 

r«Mtot 

PW< 

M 



"S 

'•0—o 1 

PVA 

tit 



to 


*.* 

DATA STROOE 


10 

so 

ns 

’4* 1 " 

PWS! 

ACORESS. CHIP SELECT 

<KT« 


10* 


P'0-** 

Solve 1^* 

12S 



ns 

r S-sT 

►todtmo 

0*TA OUS—LOADING 

10 



to 

P-O-toE 

Solve Into 

12S 



to 

'S«2 . 

MOdim* 

DATA OUS—READING 

25 



*4 

'•O-o 2 

Tcov. 



ia 

to 

F^-oE.CL-KteT 

T»< 

OUTPUTS M2-7.HSVS.0L.CRV. 

S 


so 

to 

P9A0 2.CL>SOpP 

CS-Toti. 

OUTPUTS: **SO«M 



1» 

ns 

Ftfto1.CL-2Q3T 

Tstu 

o 


soo 

IS 

'9»1CL-Np> 
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Appendix C9 


STANDARD MICROSYSTEMS 
CORPORATION, 



CRT 8002 

/XPC FAMILY 


CRT Video Display Attributes Controller 
Video Generator 
VDAC™ 


FEATURES 

□ On chip character generator (mask programmable) 


PIN CONFIGURATION 


178 Characters (aipi 
7x11 Dot mairlx block 
□ On chap video shift register 

Maximum anili register frequency 

S T 8O07A TtWHl 

T 80078 IMftttl 

CRT 8007C ICWMl 

Access lime 400ns 

□ On cMp horuonlel ana vortical reirj 
O No doacanoaf circuitry requ.red 
□ Four modes o» Opor oO on (intermixaoae) 
Internal character generator (ROM) 
Wdo graphics 
TNngraphxs 

Externa) Input* (fonts /dot graphic*) 

0 On cMp am.Dote logic-character ««kJ 


:) 


voeo .C 


3 m wm 

u».tR sc 


3r Cjasoa 

VOC SC 


Dsa iass 

xa *c 


D»M»1 

At sc 


3w fciw* 

M «C 

1-1 

3 » v svm: 

*» »C 


3u»a» 

a* #C 


3»1 RffvO 

*s tq 

|_| 

3se umxj« 

aa teq 


3 IS ITKAJ 

AT IIC 


3*a a tree 

*- *»C 


31 T 0 ND 

n «sC 


3«a«# 

*» <*C 


3 ** ■« 


Character blank 
Character blink 
Underline 
Strike-thru 
□ Four on chip cursor 


Reverse video 
Blinking reverse video 

□ Programmable character N'mk rate 

□ Programmable cursor blink rate 


0 Tsssr^- 

RAM. ROM. and PROM 
D0ncs.pt 
□ One 
O ♦Svo*t< 

C MOS N-cherv*#l silicon-gate COPLAMOS* process 
C ClASP« technoogy-ROM and oot-ons 
C Compabb* with CRT SWT VTAC* 



The SMC CRT BCC2 WdSO O-icia. Attr 
(VOAC) a an N-c"enn« CCPt AMOS* MOS LSI de><e 
which utxuaa ClASP* technology it cc 
7X11X178 character generator ROM a wee 
mods. * thin graon.es mods sn cat 
cnarecter Morssvdaia laich r.«kt 
snnbuM attnbute isicn. frxr cursor 

The catTO VOAC* e a 
Chip to SMC s CRT S077 VTAC T 
Chips comprise me circuitry 
portion ot s CRT • 

The CRT 8007 vt 
to a CRT men to 
output can 

retrace blank input to ( 
vertical retrace banking ot the video output 
Four ci»sor modes are availaBIt on the CRT 8007 
They are: unoen.no. blinking 
block, and. 
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DESCRIPTION OF PIN FUNCTIONS 


PIN NO I SWBO. 


fiv-4 m fast c** go dMcVy nc*i in* 

m'ac— Ss' «to •*;*'*» -j i*m 09 c Tnj» in* mx 
»« sax** •>»•* one* voa or gi<sv nut n kt inimi 
PROW ACM O' RAM $M •*.•* J 

»« liiyoi Poor -* "*1 -OOP “» -P.** <*■' -i’ ox'r* * B'iptic 

*■ eno- iK — 'e-* < fK‘ «•* e* (M »«"( omiti 4 eaw-rwo 

n t"* *C» V*C f, < Opt • M* "» IB« "Wl (•»*> t" 

in* —oot mc* MiM- i d m* **en ■» ec'ws r<» o "• or in* dti d in* 
■ Mmo* rx*r*>o* m 1 n cm* sd<-* •-> 1 d »• »6 eowei* g»pNc 
•num Tn*** *■-.*.«* c*" ko tgi'r «■ tow «o W* a twcguM 

•*s>** «■■..;«■ in* *11 imtw B«x* »NJ IN.* •*:-..f«> 1 t~l* 


"CuRSOR | C.'ior 



TN*** < -M*t c*> N '**»— 1 MO A* » >» O rKW tu p* 

[HIM M* pro k* immo 1 op Ao * p**ioBraMflO omor moon 

*:N<r*M T»* ww -fl* n x-f-» '«<* P’*9 ’*"“mP* Th * 


U a !*• J n Kll 


-om e-»:« TP* * cow »>oo** * 


trOair* ;ciV' ocom* 

■ iMdra-n »• moo* n* tM*u* s.n** *1 in* e.rtof >*i* 

*•*«»* '«•* ►X>-“ M« -OO* IN* O'*»» »«* * **1 10 >*.0 

•on 

j™ “9 R*»*n* AM An* -* *>| *oO* in* 0 -*'*r*> |«n I* M 
•*<•« ••a** «* •• orf»o» *n-* «•» »*• CN*>KW< Mac* »ii aMn 


T*4 M(t^a M to Ui« 1 

IN« iNfal 4 i f :N< lkO\ f* uAMA* 

1 O —>0 4 19 •* rv>» »*3 mm K IM «•■! 

JvM TH® & VM * 4 0» »>d» »l 0« •» OTfibi^ 

no'tiOMU »ot*oc« t**o 



REVtDBocH 

REV.O B.OC* 


Rctnt 

1 

AtViO 

rCMABt 

1 

UMX*-^ 

* 

0 

0 

0 

0 

0 


0 

1 

0 

0 

1 

1 

0 


e 

9 

0 

1 

0 

1 

0 

1 

1 

* 

0 

0 

• 

e 

1 

-x — 

X 

0 

1 

0 

X 

0 


1 

X 

6 

0 

0 

0 

6 

1 

~i 

X 

0 

1 

0 


0 

1 

t 

X 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

X 

0 

0 

e 

1 

0 

1 

0 

0 

0 

0 

-A- 

1 

1 

0 

1 

1 


*AI Selected Rcw Decode "At Closer P r« Ba-e 
N'olo. If Character is BurJcng at Cnaractar Rata. Cursor wn cmgt Ik tc Cursor Bin* Ra». 
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FIGURE 5 

CHARACTER BLOCK FORMAT 


77 BITS 
<7*11 ROM) 


(ALL. 


- - RO 

- - Rl 

- - R2 

- - R3 

- — Rl 

- - RS 

- - R6 

- - R7 

- - RB 

- - R9 

- - R10 

- - R11 

- - RI2 

- - R'3 

- - R14 

- - fill 


R3 R2 


•COLUMN 7 IS ALL ZEROS (REVO - 0) 
column 7 is Shifted out first 


V 4 EXTENDED ZEROS (BACK FILL) 
V_ fOR INTERCKARACTER SPAC¬ 
ING (NUMBER CONTROLLED 
BY lb/SR. VDC TIMING) 


s* • I — I — I •« i •* I •• 1 I I *- I — | • I I m» I -- I I I 

X L w l i ' W ' i» ' ■(» 1 M j- , 1 - „ 




r#$^:r (?1+, 

iliiil 


;@pe:cdefghijklmno 


Q R S T U V N >< Y Z [ \ 1j It 1 


“.abcdef igh i .l iliH 
rntuvmmi ' 


CCNSJ.T FACTORY FOR CUSTOM FONT AND OPTION PROGRAMMING FORMS. 
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FIGURE 4 TYPICAL VIDEO OUTPUT 

wc-TiAA/u^J^jYAAi^ 

Lo.'Sn-T1__DJSLJiSL- 


VIDEO DATA 
a DOT FIELD 


VTOEO DATA 
9 DOT FIELD 
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Appendix CIO 


STANDARD MICROSYSTEMS 
CORPORATION. 


m sue iu st cu urumi' sc fu an vs w* b* or. 


COM 8046 
COM 8046T 


Baud Rate Generator 

Programmable Divider 


FEATURES 

□ On chip crystal oscillator or external 
liequoncy input 

C Single + 5v power supply 

C Choice of 32 output frequences 

□ 32 osynchronous/iynchronous Baud rates 

□ Direct UART/USRT'ASTRO'US YNRT 
compatibility 

C Re-programmaBie ROM via CLASP* 
technology allows generation o< other 
frequencies 

□ TTl. MOS compatible 

□ IXCIoch vlato' IBoutput 

□ Crystal frequency output via fx and ta/4 
outputs 

C Output disable via FENA 


PIN CONFIGURATION 



BLOCK DIAGRAM 



Rrpruuni by permission o! SMC Mkrusy stuns Corporation Copy r%ht © 1983 
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Gcnwal Description 


COM 


tt>» to 7* ♦ 1. Inclusive. If in* divnor is even. the output 


nances verssoa o» me COM 50*6 Baud Rale 
Generator. it Is faS'cated 
COPLAUOS* ard CLASP" 



16X end SW UART/USRT/ASTRO/US Yh*T dev>c*s 
The COM K4 i !**:-'*» an meamal erysw osc-uator 
-Wen mey o* usee lo provide me "-as*- (••e-em:* 

oy appfyfig com<j««#rt*r, TTi i*^ 1 e*g- 
rals to P«* 1 ana 2 Parts s-iac* *o» us* only mm an 
ICCMMT.m 
lot COM I0WT 


•a o* solars: othervuse me output -m be nlgn 
•onjar than a is b- by one t« dock perod. The output 
0* me Oivder a also Olvded interne”, by 16 anO made 
at m* V16 output pM.TIefp/18 output will 
i and th* l 0 output Win drive Iwo slanOsrd 
me t- ans ty 16 outputs can be 
disabled by supplying « «o- log* level to tno «E«JA 
nas an internal 
to rise to appros- 

mvatdyVcelM 
The divisor ROM contains 32 SVsori. each 19 bits 
•Of and t Mbncatad using SMC'a unuyue CLASP' 
Tl»<* I 


The five divisor select bis s-e held m an e.lomaty 
strobed data Mich. The strobe Input is level sensitive: 


COmevbASM o-* » 


sne through to me ROM initiation ©t a new frequency is 
•fleeted eWe 3 i-s ol a change » any of the it* 
, >*. 1 . u, flwaor select bnsi strobe activity le not required. 

._ 'SI ^ Tt-etaatura me, be disabled through a CLASP* pro- 

SSSSaSHSSS 8 B»tsaa«sa«s5s 

load -ru. in* t. output.. c-ve .« r*LS maos u y,, „ yI p^n-gp, identicsi to mat 

The output ol me oaetaeter/ouner n appsed to me of me »E«*A input, -tv* me mob* Input he* no 
•vnw/iofflev^etonofmaouttMfraq-ency^Tha PulK© 

-la cepeote ot dnupng by an, -eager tram • 
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ELECTRICAL CHARACTERISTICS COM8046, COM8046T, COM8116, COM8116T. COM8126. 

COM8126T. COM8136. COM8136T. COMBI46, COMBI46T 


MAJIMUM GUABAWT££D BATINGS 
0w»"3 Barg* 

SOW '**CW<U« Bjog* 

le*s i«W"c '0we i 

Pow vc Vauga e n toy P«. •!" '«ie*ci to yound 
Nogstvo Vo*ag*o«an»P«. »>r >e«ec"e grcund 
' Shium ttfvt mow <im m*i uoi c*** 1 ** 
fuccicnai ooc jien at <ra de«ca « mm at * any eo*a> ci 
aocoonj o' !"<i scecteaten a nc* »-e«o 
NOTE VAwn po*wng irwt davicatromlaDOfatory Of l 
tie Aosoiule Minimum Rat.rgi rot Da c icaa d ad Of oe 
eituoil aotage ia»ci at 'gUcnaV on sxn outgi** •' 
In additon. vc.ago irantanl* on in* AC PCw*f in* mi 
'Ia tvggeited matac'a'accuiMuM 


0*Cto * 7CTC 
-ssxio-iscrc 
•3WC 

. -80V 

.-03V 
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Eb 


OOOlO 
00011 
001« 
00101 
oono 
00111 
OICCO 
01001 
01010 
010« 1 
01 ICO 
01'O' 
omo 
01111 

IX'O 

10011 

10110 
10" i 

3R 

1010 




COM 8046 
COM 8046T 


Tab*! 

M»i«enc( "icoxhc*-* 




JIM 

I MO 
11 T7 


'U 

s 




M XfOOT 

oroxn 

'HWW 

« «MJCO 

1X09X00 

;x<cooo 

a rrow 

TO *0X00 

xrxcw 

10 WMM 

>•4 03X00 

• M4COOO 

o m»ct 

Ml 00X00 

0«*» 

out ton 

mam 

'JWOO 

on 33 

' 7X000 

i rowo 

MM "OH 

1 **COOO 

J'UW 

nu nw 

i 'OUT 


?"i inca 
wm moo 

ikb ooa 
* tax so 

I'-coco 

W MOM 

ifcrooa 

t»WO 

M4 'TOM 




tr« 

*» 


OOIX*. 
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Appendix D 

ZAP Operating System 


riLr 3000 7323 

READY 

.VJUH 


7374 

7324 

7324 

7324 

7324 

7324 

7324 

7324 

7324 

7324 

7324 

7324 

7324 

7374 

7324 

7324 

7324 

7324 

7324 

7324 

7324 

7324 

0000 


0100 • 

0110 « 

0120 «TME rotLOUINC EQUATES ARE USED 
0130 *A5 OPERATING SYSTEM CONSTANIS 
0140 « 

0130 ZERO EOU 0 

01 AO ONE EOU I 

0170 TWO EQU 2 

01no THREE COO 3 

0190 FOUR EQU 4 

0200 FIVE EOU 5 

0710 EIOHT EOU 0D 

0220 ADDIS1 EOU S •USDS ADDRESS DISPLAY PORT 

0230 ADDI62 EOU 6 »L6DS ADDRESS DISPLAY PORT 

0240 DATDIS EOU 7 (DATA DISPLAY PORT 

0230 EXECC EQU I6D •F.XEC KEY 

0260 NEXTC EOU 32D *NEXT KEY 

02/0 UARTXO EOU 2 MJART I/O PORT 

0700 UARTST EOU 3 •HART STATUS PORI 

0290 KEYPT EOU 0 •KEYBOARD 1NKU1 PORT 

0300 « 

0310 « 

0320 ST O 


0000 0330 « 

OOOO 0340 * 

0000 0350 «COLO SETS THE OPERATING SYSTEM STACK POINTER 

OOOO 0360 HAND ENTERS THE COMMAND REC00NI1TI0N NODULE 

OOOO 0370 • 

OOOO 0300 * 


OOOO 

31 

C4 

07 

0390 

COLD 

LD 

SP.SPSTRT 

•INITAL1ZE STACK POINTER 

0003 

C3 

40 

00 

0400 


JP 

UARM01 




0006 




0410 


DS 

2 




0008 

C3 47 

00 

0420 

WARM 

JP 

UARM1 

•RST 

1 

OR UARM START 

OOOB 




0430 


DS 

5 




0010 

C3 

C3 

07 

0440 

RST2E 

JT 

RST2V 

• RST 

2 

TRANSFER 

0013 




0430 


DS 

S 




0018 

C3 

C8 

07 

04A0 

RST3E 

JP 

RST3V 

• RST 

3 

TRANSFER 

00 IB 




0470 


DS 

5 




0020 

C3 

CF 

07 

0480 

RST4E 

JP 

RST4V 

•RST 

4 

TRANSFER 

0023 




0490 


DS 

5 




0028 

C3 

CE 

07 

0500 

RST5E 

JP 

RST3V 

•RST 

5 

TRANSFER 

0020 




0510 


DS 

5 




0030 

C3 

01 

07 

0520 

RST6E 

JP 

RST6V 

•RST 

6 

TRANSFER 

0033 




0530 


DS 

5 




0038 

C3 

D4 

07 

0540 

RST7E 

JP 

RST7V 

•RST 

7 

TRANSFER 

003B 




0550 


DS 

5 




0040 

ED 

73 

DB 07 

0551 

UARM01 

LD 

(SPLSAV).SP 
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00 44 

C3 

89 

00 


0552 

JP 

UARH2 

•GO TO COMMAND RECOGNITION 

0047 





0560 * 




0047 





0570 • 




0047 





0580 « 




0047 





0590 «UARM 

START 

SAVES THE USERS REGISTERS AND 

0047 





0600 •ENTERS THE 

COMMAND RECOGNITION HODE UITH 

0047 





0610 «FS DISPLAYED ON THE DATA AND ADDRESS DISPLAYS 

0047 





0620 « 




0047 

32 

E3 

07 


0630 UARM1 

LD 

<ASAV)»A 

•SAVE USERS A 

004A 

El 




0640 

POP 

HL 

•GET USERS PC FROM STACK 

004B 

22 

DD 

07 


0650 

LO 

<PCLSAV)»HL 

•SAVE USERS PC IN SAVE AREA 

004E 

F5 




0660 

PUSH 

,-.r 


004F 

El 




0670 

POP 

HL 

•GET USERS FLAGS 

0050 

22 

E7 

07 


0680 

LD 

(ESAV).HL 

•SAVE USERS FLAGS 

0053 

DD 

22 

D7 

07 

0690 

LD 

(IXLSAV)tlX 

•SAVE USERS IX 

0057 

FD 

22 

D9 

07 

0700 

LO 

(IYLSAV)* IY 

•SAVE USERS IY 

0058 

ED 

73 

DB 

07 

0710 

LD 

<SPLSAV).SP 

•SAVE USERS SP 

005F 

ED 

57 



0720 

LD 

A.I 

•SAVE USERS I 

0061 

32 

DF 

07 


0730 

LD 

(ISAV)*A 


0064 

ED 

5F 



0740 

LD 

A*R 

•SAVE USERS R 

0066 

32 

EO 

07 


0750 

LD 

(RSAV).A 


0069 

21 

E4 

07 


0760 

LD 

ML.BSAV 


006C 

70 




0770 

LD 

(ML> »B 

•SAVE USERS B 

006D 

23 




0780 

INC 

HL 


006E 

71 




0790 

LD 

(HL)»C 

•SAVE USERS C 

006F 

23 




0800 

INC 

HL 


0070 

72 




0810 

LD 

(HL)>D 

•SAVE USERS D 

0071 

23 




0820 

INC 

HL 


0072 

73 




0830 

LD 

(HL>.E 

•SAVE USERS E 

0073 

08 




0040 

EX 

AF > AF 

•SAVE ALTERNATE RE0ISTER8 

0074 

F5 




0850 

PUSH AF 


0075 

32 

E8 

07 


0860 

LD 

(AASAV).A 

•SAVE ALT A 

0078 

22 

E9 

07 


0870 

LD 

(AL8AV)tHL 

•SAVE ALT HIL 

0078 

El 




0080 

POP 

ML 


007C 

22 

EF 

07 


0890 

LD 

(AESAV).HL 

•SAVE ALT FLAGS 

007F 

21 

EC 

07 


0900 

LD 

ML.ADSAV 


0082 

70 




0910 

LD 

(HL)»B 

•SAVE ALT B 

0003 

23 




0920 

INC 

ML 


0004 

71 




0930 

LD 

(HL )iC 

•SAVE ALT C 

0005 

23 




0940 

INC 

ML 


0006 

72 




0950 

LD 

(HL>*D 

•SAVE ALT D 

0007 

23 




0960 

INC 

ML 


0000 

73 




0970 

LD 

(HL)»E 

•SAVE ALT E 

0009 





0980 • 




0009 





09V0 • 




0009 





1000 •connAND RECOGNITION hodule 

0089 





1010 • 




0009 

CD 

FI 

00 


1020 UARM2 

CALL 

CLDIS 

•CLEAR DISPLAY 

OOBC 

3E 

FF 



1030 

LD 

A.255D 

•DISPLAY FFFF FF 

008E 

D3 

05 



1040 

OUT 

ADDIS1 


0090 

D3 

06 



1050 

OUT 

AD0IS2 


0092 

D3 

07 



1060 

OUT 

DATDIS 


0094 

CD 

03 

01 


1070 

CALL 

KEYIN 

•GET INPUT CHARACTER 

0097 

06 

40 



1080 

LD 

8* HEN 


0099 

B8 




1090 

CP 

» 


009A 

CA 

Fi 

01 


1100 

JP 

Z>MEMORY 

•JUMP IF MEMORY REOUEST 

009D 

04 




1110 

INC 

• 


009E 

B8 




1120 

CP 

B 


009F 

CA 

4B 

02 


1130 

JP 

Z.REGIST 

•JUMP IF REGISTER REGUEST 

00A2 

04 




1140 

INC 

B 


00A3 

B8 




11S0 

CP 

B 


OOA4 

CA 

10 

03 


1160 

JP 

Z.GOREO 


00A7 

C3 

89 

00 


1170 

JP 

UARM2 


OOAA 





1180 • 




OOAA 





1190 MEN 

EQU 

64D 

•MEMORY KEY 

OOAA 





1200 « 




OOAA 





1210 « 




OOAA 





1220 *RESTART RESTORES THE USERS REGISTERS 

OOAA 





1230 (AND 1 

RETURNS CONTROL TO 

THE ADDRESS 
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OOAA 





1240 

•SPECIFIED 

IN TIE PC SAVE LOCATION IN THE 

OOAA 





1250 

•REGISTER SAVE AREA 


OOAA 





1260 

« 




OOAA 

3A 

EC 

07 


1270 

RESTRT 

LD 

A.(ABSAV > 

•RESTORE ALT REGISTERS 

OOAD 

47 




1280 


LD 

B.A 


OOAE 

3 A 

ED 

07 


1290 


LD 

A.CACSAV) 


OOB1 

4F 




1300 


LD 

C.A 


00B2 

3A 

FF 

07 


1310 


LD 

A-<ADSAV> 


0065 

57 




1320 


LD 

D.A 


0066 

3A 

EF 

07 


1330 


LD 

A.iAESAV) 


0069 

5F 




1340 


LD 

E.A 


006A 

3A 

FO 

07 


1350 


LD 

A.tAFSAV) 


006D 

6F 




1360 


LD 

L.A 


OOBE 

E3 




1370 


PUSH 

HL 


OODF 

FI 




1380 


POP 

AF 


OOCO 

3A 

FD 

07 


1390 


LD 

A » < AA5AV > 


O0C3 

2A 

E9 

07 


1400 


LD 

HL»(ALSAV) 


00C6 

D9 




1410 


EXX 



00C7 

FD 

2A 

D9 

07 

1420 


LD 

IY.(XYLSAV) 

•RESTORE IY 

oor.D 

DD 

2A 

D7 

07 

1430 


LD 

IX. (XXLSAV) 

•htSIORE IX 

00CF 

21 

DF 

07 


1440 


LD 

HL.ISAV 


0062 

7E 




1450 


ID 

A.(HL) 


00D3 

ED 

47 



1460 


LD 

I.A 


00D5 

23 




1470 


INC 

HL 


00D6 

7E 




1480 


LD 

A.(ML) 


0067 

ED 

4F 



1490 


LD 

R.A 


00D9 

21 

E3 

07 


1500 


LD 

ML. ASA V 


OODC 

7E 




1510 


LD 

A.(HI) 

•RESTORE A 

OOJD 

23 




1320 


INC 

HL 


OODE 

46 




1330 


LD 

B> <HL) 

•RESTORE B 

OODF 

23 




1540 


INC 

HL 


OOEO 

4E 




1550 


LD 

C.(HL) 

•RESTORE C 

OOE1 

23 




1560 


INC 

ML 


00E2 

56 




1570 


LD 

D.(HL) 

•RESTORE D 

00E3 

23 




1580 


INC 

ML 


00C4 

5E 




1590 


LD 

E.(HL) 

•RESTORE E 

OOE5 

ED 

7D 

DB 

07 

1600 


LD 

SP.(SPLSAV) 

•RESTORE STACK POINTER 

00E9 

2A 

DD 

07 


1610 


LD 

ML.(PCLSAV) 

•REPLACE PC ON STACK 

OOEC 

E5 




1620 


PUSH ML 


OOED 

2A 

El 

07 


1630 


LD 

HL.(LSAV) 

•RESTORE MIL 

OOFO 

C9 




1640 


RET 


•RETURN TO USER 

OOFJ 





1630 

* 




OOF 1 





1660 

• • 




OOF 1 





1670 

• 




OOF 1 





1600 

•CIDIS 

CLEARS THE DATA . 

'ND ADDRESS DISPLAYS 

OOF 1 





1690 

• SETS 

fME KEYBOARD BUPFER-0 AND CLEARS THE 

OOF 1 





1700 

•KEYBOARD FLAGS 


OOF 1 





1710 

• 




OOF 1 

3E 

00 



1720 

CLDI8 

LD 

A.ZERO 


00F3 

32 

FI 

07 


1730 


LD 

(KFLAOS).A 

•CLEAR FLAGS 

OOFO 

32 

F2 

07 


1740 


LD 

(KDATA1).A 

•CLEAR BUFFER 

OOF 9 

32 

F3 

07 


1730 


LD 

(KDAIA2).A 


OOFC 

D3 

07 



1760 


OUT 

DATDIS 

•CLEAR DATA FIELD DISPLAY 

OOFE 

D3 

05 



1770 


OUT 

ADDIS1 

•CLEAR ADDRESS FIELD DISPLAY 

0100 

D3 

06 



1780 


OUT 

ADDIS2 


0102 

C9 




1790 


RET 



0103 





1800 

• 




0103 





1810 

• 




0103 





1820 

•KEYIN 

WAITS FOR INPUT 1 

-ROH THE KEYBOARD 

0103 





1830 

• UPON 

DETECTING DATA AT 

THE INPUT PORT (0) 

0103 





1840 

•VIA THE STROBE BIT <7> 

BEING SET THE DATA 

0103 





1850 

•IS INPUT.THE STROBE BIT CLCARCD. AND THE INPUT 

0103 





1860 

•CHARACTER 

IS RETURNED TO THE USER IN A 

0103 





1870 

» 




0103 





1880 

• 




0103 

DB 

00 



1890 

KEYIN 

IN 

KEYPT 

•INPUT DATA 

0105 

C8 

7F 



1900 


BIT 

7.A 


0107 

CA 

03 

01 


1910 


JP 

Zf KEYIN 

•LOOP IF NO DATA 

010A 

32 

F4 

07 


1911 


LD 

<TErtP)»A 

•SAVE CHARACTER 
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0100 

DB 

00 


1912 KEYIN1 

IN 

KEYPT 



010F 

CB 

7F 


1913 

BIT 

7.A 



0111 

C2 

OD 

01 

1914 

JP 

NZ.KEYIN1 

aJUMP IF STROBE PRESENT 


0114 

3A 

F4 

07 

1915 

LD 

A.(TENP) 



0117 

CB 

BF 


1920 

RES 

7.A 

tCLEAR STROBE 


0119 

C9 



1930 

RET 




OUA 




1940 « 





01 1A 




1930 » 





OUA 




I960 CKFLG02 SETS THE NEXT<0> AD NO DATA<2> KEYBOARD FLAGS 

011A 




1970 « 





OUA 




1980 a 





011A 

21 

FI 

07 

1990 KFLG02 

LD 

ML.KFLAGS 



01 ID 

CB 

C6 


2000 

SET 

O.(HL) 

aSET NEXT FLAG 


01 IF 

CB 

D6 


2010 

SET 

2r <HL> 



0121 

El 



2020 

POP 

HL 

aCLEAR RETURN 


0122 C9 



2030 

RET 




0123 




2040 • 





0123 




2050 * 





0123 




20A0 (KFLGO 

SETS 

THE NEXT(0) 

KEYBOARD FLAG 


0123 




2070 • 





0123 




2080 • 





0123 

21 

FI 

07 

2090 KFLGO 

LD 

HL.KFLAGS 



0126 

CB 

CA 


2100 

SET 

0» <ML » 

aSCT NEXT FLAO 


0128 

El 



2110 

POP 

HL 

tCLEAR RETURN 


0129 

C9 



2120 

RET 




012A 




2130 * 





012A 




2140 a 





012A 




2130 BKFL012 SETS THE EXEC(1> AND NO DATA(2> KEYBOARD 

TLAO 

012A 




21 AO a 





012A 




2170 a 





012A 

21 

FI 

07 

2180 KFL012 LD 

HL.KFLAOS 



01211 

CB CE 


2190 

SET 

1 . (HL> 



012F 

CB 

DA 


2200 

SET 

2.(HL) 



0131 

El 



2210 

POP 

HL 

tCLEAR RETURN 


0132 

C9 



2220 

RET 




0133 




2230 a 





0133 




2240 a 





0133 




2230 aKFLOl 

SETS 

THE EXEC <1> KEYBOARD FLAB 


0133 




2260 a 





0133 




2270 a 





0133 

21 

FI 

07 

2280 KFL01 

LD 

HL.KFLAGS 



0136 

CB CE 


2 2 VO 

SCI 

It(ML> 

8SI.T EXEC FLAG 


013B Cl 



2J00 

POP 

ML 

•CLEAR RETURN 


0139 

C9 



2310 

RET 




013A 




2320 a 





013A 




2330 a 





013A 




2340 a 





013A 




2330 aONECAR INPUTS ONE CHARACTER FOLLOWED BY A NFXT OR EXEC 

013A 




2360 4FR0N THE KEYBOARD. VALIDATES XT. AND RETURNS IT 

TO 

013A 




2370 iTHE USER IN KDATA2 



013A 




2380 a 





013A 




2390 a 





013A 

CD 

FI 

00 

2400 ONECAR 

CALL 

CLDIS 

•CLEAR DISPLAY.BUIFER.(FLAGS 

013D 

CD 

03 

01 

2410 

CALL 

KEYIN 

aGET CHARACTER 


0140 

D3 07 


2420 

OUT 

DATDIS 

•DISPLAY CHARACTER 


0142 

CD 

3D 

01 

2430 

CALL 

CARCK1 

tCKECK CHARACTER 


0145 

CB 

77 


2440 

BIT 

6.A 



0147 

C2 

51 

01 

2450 

JP 

NZ.0NECA1 

•JUMP IF SHIFT 


014A 

D6 

10 


2460 

SUB 

I6D 

•CMARACTCR=0-F 


014C 

F2 

3A 

01 

2470 

JP 

P.ONECAR 

•JUMP IF NOT 0-F 


014F 

C6 

10 


2480 

ADD 

16D 



0131 

32 

F3 

07 

2490 0NECA1 

LD 

(KDATA2)»A 

•SAVE CHARACTER 


0154 

CD 

03 

01 

2500 

CALL 

KEYIN 

•GET NEXT CHARACTER 


0137 

CD 

6A 

01 

2510 

CALL 

CARCK2 



015A 

C3 

51 

01 

2520 

JP 

0NECA1 

•GO DG AGAIN NOT EXEC OR 

NEXT 

015D 




2530 a 





015D 




2540 * 





015D 




2550 aCARCKI CHECKS FOR A NEXT OR EXEC ON AN INITIAL 


013D 




2560 ^CHARACTER. 

IF NEXT THE ROUTINE RETURNS TO CALLER VIA 


JttAmNDCXD 
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013D 
0130 
0150 
013D 
015D 
015F 
0140 
0143 
0165 
0166 
0169 
016ft 
016ft 
0 J6ft 
016ft 
016ft 
016A 
016ft 
016ft 
016ft 
OI6C 
0160 
0170 
0172 
0173 
0176 
0177 
0177 
0177 
0177 
0177 
0177 
0177 
017/ 
01 7A 
0170 
0100 
0182 
0103 
0187 
01 Oft 
0100 
•>10P 
oinr 
0191 
0193 
0196 
0196 
0197 
019ft 
0190 
OlftO 
OlftO 
OlftO 
OlftO 
OlftO 
OlftO 
01 A2 
01A5 
01A8 
OlftO 
OlftC 
01AE 
01 00 
0102 
0103 
0103 
0103 
01B3 


2370 IKFLG02. TF EXEC THE ROUTINE RETURNS TO THE CAU.ER 
2580 aUIA KFLGl2 
2590 » 

2600 » 


06 DO 

2610 CARCK1 

LD 

B.NEXTC 

aCHECK FOR NEXT 

08 

2620 

CP 

B 


CA 1A 01 

2630 

JP 

Z.KFLG02 

aIF NEXT JUMP 

06 10 

2640 

LD 

B.EXECC 

aCHECK FOR EXEC 

B8 

2630 

CP 

B 


CA 2ft 01 

2660 

JP 

Z.KFLG12 

aIF EXEC JUMP 

C9 

2670 

RET 


aELSE RETURN 


2680 * 

2690 • 

2700 aCARCX2 CHECKS FOR NEXT OR EXEC. SETS THE PROPER 
2710 aFLAG WIft KFLGO OR KFLGl AND RETURNS TO THE USER 
2720 aIF NOT NEXT OR EXEC THE ROUTINE RETURNS TO 
2730 *THE ORIGINATOR OF THE RE0UE8T 
2740 * 

2730 « 


06 

20 


2760 

CARCK2 LD 

B.NEXTC 

aCHECK FOR NEXT 

BO 



2770 

CP 

B 


Cfl 

23 

01 

2780 

JP 

Z.KFLGO 

aiF NEXT JUMP 

06 

10 


2790 

LD 

D.EXCCC 

tCHECK FOR EXEC 

D8 



2800 

CP 

8 


CA 

33 

01 

2010 

JP 

Z.KFLOl 


C9 



2820 

RET 




2030 • 

2840 » 

2850 tTWOCftR INPUTS 2 CHARACTERS FROM THE KEYBOARD 

2860 SFOLLOUCD BY A NEXT OR EXEC AND RETURNS THEN TO THE 

2070 aUSER IN KDATA2 

2880 a 

2890 a 


rn 

AO 

01 

2900 

TWOCftR TAIL 

Cl DAT 

•Cl 1 AR BUFFER.FLAGS.AND DIGPLAY 

CD 

03 

01 

2910 

CALL 

KEYIN 

■GFI CMARACTFR 

CD 

3D 

01 

2930 

CALL 

CARCKl 

•CHECK FOR NEXT OR EXEC 

04 

10 


2940 

TW0CA1 SUB 

160 

•CHAKACTCR-O-P 

F2 

77 

01 

2930 

JP 

P.TWOCftR 

•JUMP IF NOT 0-F 

CA 

10 


2960 

ADD 

160 


21 

F3 

07 

2970 

LD 

Ml.KDftTA2 


46 



2980 

LD 

B.(ML > 

•OCT OLD DATA 

CB 

00 


2990 

RLC 

» 


CB 

00 


3000 

RLC 

» 


CB 

00 


3010 

RLC 

B 


r* 

00 


3020 

RLC 

B 


80 



3030 

ADD 

ft.B 

•A-OLDINEU 

D3 

07 


3031 

OUT 

DATDIS 

•DISPLAY INPUT 

77 



3040 

LD 

(ML >.A 

•SAVE NEW DATA 

CD 

03 

01 

3030 

CALL 

KEYIN 

•GET NEXT CHARACTER 

CD 

Aft 

01 

3060 

CALL 

CARCK2 

•CHECK FOR TERMINATION 

C3 

80 

01 

3070 

JP 

TW0CA1 

aJUMP XF NO TERMINATION 


3080 a 
3090 a 

3100 aCLBAT CLEARS THE INPUT BUFFER.FLAGS. AND DATA DXS 
3110 a 
3120 a 


3E 

00 


3130 CLDAT 

LD 

A.ZERO 


32 

FI 

07 

3140 

LD 

(KFLAGS).A 

•CLEAR FLAGS 


F3 

07 

3150 

LD 

(KDATA2).A 

•CLEAR BUFFER 

32 

F2 

07 

3160 

LD 

(KDATA1).A 


C? 



3100 

RET 



3E 

00 


3181 CLftDD 

LD 

A.ZERO 

•CLEAR ADDRESS DISPLAY 

D3 

03 


3182 

OUT 

ADDIS1 


D3 

06 


3183 

OUT 

ADD1S2 


C9 



3184 

RET 




3190 « 

3700 a 

3210 aFORCAP INPUTS FOUR CHARACTERS FROM THE KEYBOARD 
3220 aFOLLQUED BY A HEXT OR EXEC AND RETURNS THEN 
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01B3 
01B3 
01B3 
01B3 
01B6 
01B9 
01BC 
OIBE 
01C1 
01C3 
01C6 
01C9 
OICC 
OICE 
OICF 
01 DO 
01D1 
01D2 
01D4 
01D7 
01DB 
01DB 
01DE 
01E1 
01E3 
01E6 
01E8 
01CB 
01EE 
01F1 
01F1 
01F1 
01F1 
01F1 
01F1 
01F1 
01F1 
01F1 
01F1 
01F1 
01F1 

oiri 

01F3 
01F6 
01F9 
01FC 
OIF F 
0202 
0204 
0207 
02 Ofl 
020D 
0210 
0213 
0216 
0217 
0219 
021C 
021F 
0221 
0224 
0227 
022A 
022B 
022E 
0230 
0233 
0236 
0237 


3COAPPIND1XD 





3230 

•TO THE USER IN KDATA1 

AND KDATA2 




3240 

* 







3230 

» 




CD 

AO 

01 

3260 

FORCAR 

CALL 

CLDAT 

•CLEAR FLAGS AND BUFFER 

CD 

03 

01 

3270 


CALL 

KEYIN 

•GET INPUT CHARACTER 

CD 

3D 

01 

3280 


CALL 

CARCK1 

•CHECK FOR NEXT OR EXEC 

D6 

10 


3290 

F0RCA1 

SUB 

16D 

•CHARACTER-O-F 

F2 

B3 

01 

3300 


JP 

P.FORCAR 

•JUMP IF NOT 0-F 

C6 

10 


3310 


ADD 

16D 


32 

F4 

07 

3320 


LD 

(TEMP).A 

•SAVE CHARACTER 

3A 

F2 

07 

3330 


LD 

A.(KDATAl) 

•A=MSD 

21 

F3 

07 

3340 


LD 

HL.KDATA2 


ED 

67 


3350 


RRD 


•ADJUST DATA FOR NEW CHARACTER 

07 



3360 


RLCA 



07 



3370 


rlca 



07 



3380 


RLCA 



07 



3390 


RLCA 



E6 

FO 


3400 


AND 

240D 

•MASK OFF OLD IDGIT 

21 

F 4 

07 

3410 


LD 

ML.TEMP 


86 



3420 


ADD 

A.(HL) 

•ADD IN NEW DIGIT 

2A 

F3 

07 

3430 


LD 

ML .(KDATA2) 

•SAVE NEW LSDS 

22 

F2 

07 

3440 


LD 

(KDATAl).HL 

•SAVE NEW M8DS 

32 

F3 

07 

3450 


LD 

(KDATA2).A 

•SAVE NEW LSDS 

D3 

06 


3460 


OUT 

ADDIS2 

•DISPLAY L8D8 

3A 

F2 

07 

3470 


LD 

A.(RDATA1) 


D3 

03 


3480 


OUT 

ADDI81 


CD 

03 

01 

3490 


CALL 

KEYIN 

•GET NEXT CHARACTER 

CD 

6 A 

01 

3500 


CALL 

CARCK2 

•CHECK FOR NEXT OR EXEC 

C3 

BC 

01 

3310 


JP 

F0KCA1 

•JUMP IF NOT NEXT OR EXEC 




3320 

« 







3330 

• 







3540 

< 







3350 

• 







3360 

•MEMORY INPUTS AN ADDRESS FROM THE KEYBOARD FOLLOWED 




3570 

•BY DATA AS DEFINED BY 

THE SEQUENCE 




3500 

• MEN(ADDRESS)NEXT.(DATA)NEXT...(DATA)EXEC 




3390 

•IF DATA IS 

TO BE DISPLAYED 




3600 

■ MEM(ADDRESS)MEXT.NT XT....NEXT.EXEC 




3610 

•EXEC 

WILL RETURN CONTROL TO THE COMMAND RECOGNITION 




3620 

• 







3630 

• 




3E 

00 


3640 

MEMORY 

LO 

A.ZERO 

•CLEAR MEMORY DASE ADDRESS 

32 

F6 

07 

3630 


LD 

(MBASCI).A 


32 

F7 

07 

3660 


LD 

(MBASE2).A 


CD 

AC 

01 

3661 


CALL 

CLADD 


CD 

B3 

01 

3670 


CALL 

FORCAR 

•GET BASE ADDRESS 

3A 

FI 

07 

3680 


LD 

A. (KFLAGS) 


CB 

4F 


3690 


BIT 

l.A 


C2 

09 

00 

3700 


JP 

NZ.WARM? 

• .JUMP IF EXEC FLAO SET 

3A 

F2 

07 

3710 


ID 

A.(KPATAl) 

•SAVE MEMORY ADDRESS 

32 

F7 

07 

3720 


LD 

(MBASE2).A 


3A 

F3 

07 

3730 


LD 

A. (KDATA2) 


32 

F6 

07 

3740 


LD 

(NBASEl).A 


2A 

F6 

07 

3750 


LD 

ML . (MPASE1) 

•SET MEM BAGS ADDRESS 

7E 



3760 

MEM1 

LD 

A.(ML) 

•GET MEMORY DATA 

D3 

07 


3770 


OUT 

DATDI8 

•DISPLAY MEMORY DATA 

CD 

77 

01 

3780 


CALL 

TUOCAR 

•GET NEW DATA 

3A 

FI 

07 

3790 


ID 

A. (KFLAGS) 


CB 

57 


3800 


BIT 

2 .A 


C2 

43 

02 

3810 


JP 

NZ.MEM2 

•JUMP IF NO DATA 

2A 

F6 

07 

3820 


LD 

HL.(MPASEU 

•GET MEM ADDRESS 

3A 

F3 

07 

3830 


LD 

A. (KDATA2) 

•GET NEW DATA 

77 



3040 


LD 

(ML).A 

•REPLACE OLD DATA 

3A 

FI 

07 

3030 


10 

A.(KF1 AGS) 


CB 

4F 


3860 


BIT 

l.A 


C2 

89 

00 

3870 


JP 

NZ.UARM2 

•JUMP IF EXEC FLAG SET 

2A 

F6 

07 

3880 

MEM 12 

LD 

ML. (MBASED 

i •INC BASE MEM ADD 

23 



3890 


INC 

ML 


22 

F6 

07 

3900 


LD 

(MBASEl).HL 
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023 A 

70 



3901 

LD 

A.L 


023B 

D3 

06 


3902 

OUT 

ADDIS2 


0230 

7C 



3903 

LD 

A.H 


023E 

D3 

05 


3904 

OUT 

ADDIS1 


0240 

C3 

16 

02 

3910 

JP 

MEM 


0243 

CB 

4F 


3920 MEN2 

BIT 

l.A 


0245 

G2 

89 

00 

3930 

JP 

NZ.UARH2 

•JUMP IF EXEC FLAG SET 

0240 

C3 

33 

02 

3940 

JP 

NEN12 


024B 




3950 « 




0240 




3960 « 




0240 




3970 * 




024B 




3980 * 




0240 




3990 *R£GIST INPUTS A REGISTER FROM THE KEYBOARD FOLLOWED BY 

024B 




4000 »DATA 

AS DEFINED BY THE SEQUENCE 

024B 




4010 « REOUNIT 

REG1NEXT. (liATA)NEXT.. . (DATA)EXEC 

024B 




4020 ^REGISTER SEQUENCE IS i 

IX.lY.SP.PC.I.R.H.L.A.B.C.D.E.F. 

024B 




4030 *AL.AM.AA.AB.AC.AD.AE.AF 

0240 




4040 »IF ONLY DATA IS TO BE 

DISPLAYED 

0240 




4050 « REGdNlT 

R£G)NEXT.NEXT...EXEC 

024B 




4060 «EXEC 

WILL 1 

RETURN CONTROL TO THE COMMAND RECOGNITION 

024B 




4070 * 




024B 




4080 * 




0240 

CO 

3A 01 

4090 REGIST CALL 

ONECAR 

•GET INITIAL CHARACTER 

024E 

3A 

FI 

07 

4100 

LD 

A.(KFLAGS) 


0251 

CB 

57 


4110 

BIT 

2 .A 


0233 

C2 

09 

00 

4120 

JP 

HZ, UARN2 

•JUMP IF NO DATA FLAQ SET 

0236 

3A 

F3 

07 

4130 

LD 

A. (KDATA2) 

•GET BASE REGISTER 

023? 

32 

F3 07 

4140 REG10 

LD 

< TEHP2).A 


023C 

CB 

77 


4141 

BIT 

6 .A 

•CHECK FOR SHIFT 

023E 

C2 

CC 

02 

4142 

JP 

NZ.REOISA 

•JUMP IF SHIFT KEY SET 

0261 

FE 

06 


4143 

CP 

6 


0263 F2 

6 C 

02 

4144 

JP 

P.RE0I1 

•JUMP IF EIGHT BIT REOISTER 

0266 

30 



4145 

DEC 

A 


0267 

30 



4146 

DEC 

A 


0260 

87 



4147 

ADD 

A 

•I«<I-2>*2 

0269 

C3 

6 E 02 

4148 

JP 

RE0I2 


026C 

3C 



4149 REGI1 

INC 

A 


02 6 D 

3C 



4150 

INC 

A 


026E 

32 

FO 

07 

4151 RE0I2 

LD 

(REGIN*).A 

•SAVE INDEX 

0271 

3A 

F3 

07 

4152 

LD 

A,<TEMP2> 


0274 

FE 

10 


4153 

CP 

10H 


0276 

FA 

83 

02 

4154 

JP 

M.REGI2A 


0279 

CB 

77 


4155 

BIT 

6 .A 


0270 

C2 

83 

02 

4157 

JP 

NZ.REOISA 

•JUMP IF BIT 6 SET 

027E 

3C 

48 


4158 

LD 

A.48H 


0200 

32 

F5 

07 

415? 

LD 

CTEHP?).A 


0283 D3 

07 


4160 REGI2A OUT 

DATDI8 

•DISPLAY REOISTER SELECT 

0205 

3A 

FO 

07 

4210 

LD 

A. (REGINX) 


02 BB FE 

08 


4220 

CP 

EIGHT 


028A 

FA 

D6 

02 

4230 

JP 

M.XYSP 

•JUMP IF 16 BIT REO 

0280 

21 

D7 

07 

4240 

LD 

HL.IXLSAV 

•GET BASE ADD 

0270 

4F 



4250 

LD 

C.A 


0291 

06 

00 


4260 

LD 

B.ZERO 


0293 

09 



4270 

ADD 

HL.BC 


0294 

22 

F6 

07 

4280 

LD 

< HBASE1>.HL •SAVE REO SAVE ADD 

0297 

7E 



4290 

LD 

A. (ML) 

•GET REOISTER DATA 

0290 

03 

06 


4300 

OUT 

ADDIS2 

•DISPLAY DATA 

029A 

78 



4310 

LD 

A.B 


029B 

03 

05 


4320 

OUT 

ADDIS1 


0290 

r.o 

77 

01 

4330 

CALL 

TUOCAR 

•GET NEW DATA 

02A0 

3A 

FI 

07 

4340 

LD 

A.(hKLAGS) 


02A3 

CB 

57 


4350 

BIT 

2 .A 


02A5 

C2 

B7 

02 

4360 

JP 

NZ.REGI3 

•JUMP IF NO DATA 

02A8 

2A 

F6 

07 

4390 

LD 

HL.(MBASEl) 

02AB 

3A 

F2 

07 

4400 

LD 

A. (KDATA1) 

•GET NEW DATA 

02AE 

77 



4410 

LD 

(HL> *A 

•REPLACE OLD DATA 

02AF 

3A 

FI 

07 

4411 

LD 

A. (KFLAGS) 


02B2 

CB 

4F 


4412 

BIT 

l.A 
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02B4 

C2 

09 

00 

4413 

JP 

NZtUARM2 

•JUMP IF EXEC FLAG SET 

0287 

3A 

F5 

07 

4420 REGI3 

LD 

A»« f£NP2» 

•INCREMENT INDEX 

02BA 

3C 



4421 

INC 

A 


02BB 

32 

F5 

07 

4422 

LD 

(TENP2I.A 


02BE 

3A 

F8 

07 

4423 

LD 

A»(REG1NX) 

*INCREMENT INDEX 

02C1 

3C 



4430 

INC 

A 


02C2 

FE 

1A 


4440 

CP 

1 AH 


02C4 

FA 

6 E 

02 

4450 

JP 

N.REGI2 

■JUMP IF INDEX .LT. 1A 

0207 

3E 

02 


4460 REGI4 

LD 

A. TWO 

•SET INITIAL INDEX 

02C9 

C3 

39 

02 

4470 

JP 

REGIO 


02CC 

66 

48 


4430 REGISA 

SUB 

48H 


02CE 

FA 

4B 

02 

4490 

JP 

HtREGIST 

•JUMP IF INVALID REGISTER 

02 D1 

C6 

12 


4500 

ADD 

12H 


0263 

C3 

6 E 

02 

4310 

JP 

REGI2 


02D6 

21 

67 

07 

4320 XYSP 

LD 

HL 11XLSAV 


02D9 

4F 



4330 

LD 

C»A 


02DA 

06 

00 


4540 

LD 

B.ZERO 


02DC 

09 



4550 

ADO 

HL.6C 

»HL=REG SAVE ADDRESS 

02DD 

22 

F6 

07 

4560 

LD 

(NPASEl)tML 


02 f 0 

7E 



4570 

LD 

A.(HL> 

•DISPLAY REGISTER DATA 

02 EI 

D3 

06 


4580 

OUT 

ADDIS2 


02F3 

23 



4590 

INC 

HL 


02E4 

7E 



4600 

LD 

A*(HL > 


02E5 

63 

03 


4610 

OUT 

ADDIS1 


02E7 

JA 

F8 

07 

4620 

LD 

At (KEGINX) 


02EA 

3C 



4630 

INC 

A 


02EB 

32 

F8 

07 

4640 

LD 

(REOINX)tA 


02FE 

CD 

63 

01 

4650 

CALL FORCAR 

•GET NEU DATA 

02 F1 

3A 

FI 

07 

4660 

LD 

At (KFLAG8> 


02F4 

CB 

37 


4670 

BIT 

2.A 


02F6 

C2 

08 

03 

4680 

JP 

NZtRCOIS 

•JUMP IF NO DATA 

02F9 

2A 

F6 

07 

4710 

LD 

HL t(NBASC1) 

•REPLACE OLD DATA 

02FC 

3A 

F3 

07 

4720 

LD 

At (KDATA2 > 


02FF 

77 



4730 

LD 

<HL > tA 


0300 

3A 

F2 

07 

4740 

LD 

At(KDATAl) 


0303 

23 



4750 

INC 

HL 


0304 

77 



4760 

LD 

(HL)tA 


0303 

3A 

FI 

07 

4761 

LD 

At(KFLAGS) 


0308 

CB 

4F 


4762 RE0I3 

BIT 

ItA 


030A 

C2 

89 

00 

4763 

JP 

NZ.UARN2 

•JUMP IF EXEC FLAG SET 

030P 

C J 

67 

02 

4770 

JP 

RC0I3 


0310 




4780 « 




0310 




4790 « 




0310 




4800 « 




0310 




4010 * 




0310 




4820 *00 RESETS THE USERS RESTART ADDRESS IN THE 

0310 




4030 *RE0ISTER SAVE AREA AND 

EXITS TO THE RESTART 

0310 




4040 •NODULE 



0310 




4050 • 




0310 




4860 • 




0310 

CD 

AC 

01 

4870 GOREO 

CALL 

CLADD 


0313 

CD 

63 

01 

4071 

CALL 

FORCAR 

•GET RESTART ADDRESS 

0316 

3A 

FI 

07 

4880 

LD 

At(KFLAOS) 


0319 

CB 

57 


4890 

BIT 

2 .A 


0316 

C2 

89 

00 

4900 

JP 

NZ tUARH2 

•IF NO DATA EXIT 

03 IE 

3A 

F3 

07 

4910 

LD 

At <KDATA2> 

•SAVE NEU ADDRESS 

0321 

32 

66 

07 

4920 

LD 

< PEL SAV >•A 


0324 

3A 

F2 

07 

4930 

ID 

At <KE*ATA1) 


0327 

32 

BE 

07 

4940 

LD 

< PCHSAV).A 


032A 

C3 

AA 

00 

4930 

JP 

RESTRT 


032D 




4960 * 




0326 




4970 * 




0326 




4980 • 




0326 




4990 *UATST 

IS A 

UART LOOP CHECK ROUTINE 

0326 




3000 *IT UTILIZES A LOOP WITH THE OUTPUT 

0328 




S010 *PORT 

PATCHED TO THE INPUT PORT 

0326 




5020 *IF AM 

ERROR IS DETECTED THE ERROR IS 

0326 




5030 *6ISPLTE6 ON THE ADDRESS DISPLAY AND 
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032D 




5040 

•THE CHARACTER IS DISPLAYED ON THE DATA DISPLAY 

032D 




5050 

•THE OUTPUT 

CHARACTE IS 

DISPLAYED ON THE HSD 

032D 




5060 

•OF THE ADDRESS DISPLAY 


032D 




5070 

• 




032B 

06 

00 


5030 

UATST 

LB 

B.ZERO 

• 

032F 

DB 

03 


5090 


IN 

UARTST 

•GET STATUS 

0331 

CB 

47 


5100 


BIT 

O.A 


0333 

CA 

53 

03 

5110 


JP 

Z.UAER1 • JUMP IF XHIT BUFFER NOT EMPTY 

0336 

78 



5120 

UATSTO 

LD 

A.B 

•GET OUTPUT CHARACTER 

0337 

P3 

03 


5130 


OUT 

ADDIS! 


0339 

P3 

02 


5140 


OUT 

UARTIO 


033B 

DB 

03 


5150 

UATST1 

IN 

UARTST 


033D 

CD 

4F 


5160 


BIT 

ItA 


033F 

CA 

38 

03 

5170 


JP 

2 •UATST1 

•JUMr IF NO DATA AVAILABLE 

0342 

E6 

1C 


5180 


AND 

1CH 


0344 

C2 

53 

03 

3190 


JP 

N7.UAER1 

•JUMP IF PARITY ERROR 

0347 

Vb 

02 


5240 


IN 

UARTIO 

•GET INPUT CHARACTER 

0349 

D3 

07 


5250 


OUT 

BATDI8 


034B 

88 



5260 


CP 

B 


034C 

C? 

5A 

03 

5270 


JP 

NZ.0ACR2 

•JUMP IF INPUT.NE.OUTPUT 

03 4F 

04 



5280 


INC 

B 


0350 

C3 

36 

03 

5290 


JP 

UATSTO 


0353 

03 

06 


3300 

UAER1 

OUT 

ABDIS2 

•DISPLAY UART STATUS 

0355 

DB 

02 


5310 


IN 

UARTIO 

•GET INPUT DATA 

0357 

03 

07 


3320 


our 

BATDIS 


0359 

76 



5330 


HAI.T 



03SA 

3E 

OF 


5340 

UAER2 

LD 

A.OFH 


035C 

ED 

79 


5350 


OUT 

<ADD1S2)iA 


035E 

76 



5360 


HALT 



035F 




3370 

• 




035F 




3380 

• 




035F 




5390 

•TTYINPUT DRIVER 


035F 




5400 

•INfUTS DATA INTO THE SPECIFIED BUFFER 

035F 




3410 

•INPUT 

IS TERMINATED UMF.N A CARRIAGE RETURN 

035F 




5420 

•IS DETLCDED OR TIC NUHDER OF SPECIFIED CHARACTERS 

035F 




5430 

•HAVE . 

SEEN 

INPUTED FROM 

THE TRANSMITD1N0 DEVICE 

035F 




5440 

• 




033F 

2A 

F9 

07 

3430 

TTYINP 

LD 

ML* < TTYIBF) 

•GET BUFFER ADDRESC 

0362 

3A 

FD 07 

3460 


LD 

A* (TTT1C) 

•GET NYMBER OF CHARACTERS 

0365 

47 



5470 


LD 

B.A 


0366 

DB 

03 


3480 

TTYIN1 

IN 

UARTST 

•GET UART STATUS 

0360 

CB 

4F 


3490 


BIT 

l.A 


036A 

CA 

66 

03 

5300 


JP 

2.TTYIN1 

IJUMP IF NO DATA 

0360 

E6 

1C 


3510 


AND 

1CH 


036F 

C2 

VB 

03 

3320 


JP 

NZ.TTYERR 

•JUMP IF PARITY ERROR 

0372 

DB 

02 


5570 


IN 

UARTIO 

•GET INPUT CHARACTER 

0374 

77 



5380 


LD 

(HL)*A 

•SAFE CHARACTER IN USERS DUF 

0375 

FE 

OD 


5590 


CP 

A.ODH 


0376 

CA 

91 

03 

3600 


JP 

Z.TTYIN2 

•JUMP IF CARRIAGE RETURN 

0379 

3E 

01 


5110 


LD 

A.ONE 

•SET OUTPUT CHARACTER COUNT 

037B 

22 

FB 

07 

5620 

TTYIN3 

LD 

(TTYOBF)*HL 

•SET OUTPUT BUFFE ADDRESS 

037E 

32 

FE 07 

5630 


LD 

(TTYOC).A 


0301 

78 



3631 


LD 

A.B 


0382 

32 

F4 

07 

3632 


LD 

(TEMP).A 


0383 

CD 

9E 

03 

5640 


CALL 

TTYOUT 

•GO OUTPUT CHARACTER 

0380 

3A 

F4 07 

5641 


LD 

A. (TEMP) 


038B 

47 



5642 


LD 

B.A 


O30C 

05 



5650 


DEC 

B 


03 BO 

C8 



5660 


RET 

Z 

•RETURN IF ALL CHARACTERS IN 

038E 

C3 

66 

03 

5670 


JP 

TTYIN1 


0391 

21 

9C 03 

5680 

TTYIN2 

LD 

HL .LF 

•GET LINE FEED ADDRESS 

0394 

3E 

02 


5690 


LD 

A. TWO 


0396 

06 

01 


3700 


LD 

B.CNE 


0393 

C3 

7B 03 

5710 


JP 

TTY1N3 


039B 

C9 



3720 

TTYERR 

RET 


•RETURN WITH ERROR CODE IN A 

039C 

OD 

OA 


3730 

LF 

DB 

ODH.OAH 

•LINE FEED/CARRIACE RETURN 

039E 




5740 

* 




039E 




5700 

•TTY OUTPUT 

DRIVER 
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039E 

039E 

039E 

039E 

039E 

039E 

03A1 

03A4 

03A5 

03A7 

03AA 

03AC 

03AE 

03B1 

03B2 

03B4 

03B5 

03B7 

0JB8 

03B9 

03BC 

03BD 

03BE 

03C0 

03C3 

03C4 

03C6 

03C9 

03CA 

03CC 

03CF 

03DI 

03D2 

07C4 

07C4 

07C4 

07C4 

07C4 

07C4 

00 

07C5 

07C5 

07CS 

07C5 

07C8 

07CB 

07CE 

07D1 

07D4 

07D7 

07D7 

07D7 

07D7 

00 

07P8 

00 

07D9 

00 

07DA 

00 

07IB 

00 

07DC 

00 

07DD 

00 

07DE 

00 

07DF 
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5760 •TTYOUT OUTPUTS BATA FROM THE SPECIFIED 
5770 auSERS BUFFER TO THE UART. THE NUMBER OF 
5780 (USER SPECIFIED CHARACTES ARE OUTPUT 
5790 *AND CONTROL RETURNED TO THE USER 
5800 * 


2A 

FB 

07 

5810 TTYOUT 

LD 

HL.(TTYOBF) 

aGET BUFFER ADDRESS 

3A 

FE 

07 

5820 

LD 

A.< TTYOC) 

aGET NUMBER OF CHARACTERS 

47 



5830 

LD 

B.A 


OE 

00 


5840 TTY0U1 

LD 

C.ZERO 


11 

00 

00 

5850 

LD 

BE.ZERO 


DB 

03 


5860 TTY01 

IN 

UARTST 

aDET STATUS 

CB 

47 


5870 

BIT 

0. A 


CA 

BC 

03 

5880 

JP 

Z.TTY0U2 

ajUMP IF BUFFER NOT EMPTY 

7E 



5890 

LD 

A.<HL) 

aGET CHARACTER 

D3 

02 


5900 

OUT 

UART10 

aOUTPUT CHARACTER 

05 



5910 

DEC 

B 


3E 

00 


5920 

LD 

A.ZERO 


C8 



5930 

RET 

2 

aRF TURN IF BUFFER EMPTY 

23 



5931 

INC 

HL 


C3 

A5 

03 

5940 

JP 

TTYOUl 


13 



5950 TTY0U2 

INC 

DC 

8TRY AGAIN DELAY 

7B 



5960 

LD 

A.E 


FE 

00 


5970 

CP 

ZERO 


C2 

BC 

03 

5980 

JP 

NZ.TTV0U2 


7A 



5990 

LD 

A.D 


FE 

00 


6000 

CP 

ZERO 


C2 

BC 

03 

6010 

JP 

NZ.TTY0U2 


OC 



6020 

INC 

C 


FE 

05 


6030 

CP 

FIVE 


C2 

AA 

03 

6040 

JP 

NZ.TTYOI 

ajUMP IF .LT.5 TRYS 

3E 

01 


6050 

LD 

A.ONE 

BELSE RETURN U1TM A-l 

C9 



6060 

6070 a 

RET 






6080 

8T 

7C4H 



6090 « 

6100 ■PACE 2 CONSTANS«JUMP AREAS.AND REGISTER 
6110 aSAVC AREAS 
6120 a 


6130 

SPSTRT 

DD 

0 


aSTACK AREA 




6140 

a 









6150 

a USER 

RESTART 

AREA 






6160 

a 









6170 

RST2V 

DS 

3 


fUSER 

BRANCH AREA 

FOR 

RST 

2 

6180 

R8T3V 

DS 

3 


auSER 

BRANCH AREA 

FOR 

RST 

3 

6190 

RST4V 

DS 

3 


aUSER 

BRANCH AREA 

FOR 

RST 

4 

6200 

RST5V 

DS 

3 


a USER 

BRANCH AREA 

FOR 

RST 

5 

6210 

RBT6V 

DS 

3 


auSER 

BRANCH AREA 

FOR 

RST 

6 

6220 

RST7V 

DS 

3 


auscR 

BRANCH ARCA 

FOR 

RST 

7 

6230 

a 









6240 

BREGISTER 

SAVE 

AREA 






6250 

a 









6260 

IXLSAV 

DB 

0 







6270 

IXHSAV 

DB 

0 







6280 

IYLSAV 

DB 

0 







6290 

IYHSAV 

DB 

0 







6300 

SPLSAU 

DB 

0 







6310 

SPHSAV 

DB 

0 







6320 

PCLSAV 

DB 

0 







6330 

PCHSAV 

DB 

0 







6340 

I SAW 

DB 

0 
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00 

07E0 

6350 

RSAV 

DB 

0 


00 

07E1 

6360 

LSAV 

DB 

0 


00 

07E2 

6370 

HSAV 

DB 

0 


00 

07E3 

6380 

ASAU 

DB 

0 


00 

07E4 

6390 

BSAV 

DB 

0 


00 

07E5 

6400 

CSAV 

DB 

0 


00 

07E6 

6410 

DSAV 

DB 

0 


00 

07E7 

6420 

ESAU 

DB 

0 


00 

07EQ 

6430 

FSAV 

DB 

0 


00 

07E9 

6440 

ALSAV 

DB 

0 


00 

07EA 

6450 

AHSAV 

DB 

0 


00 

07EB 

6460 

AASAU 

DB 

0 


00 

07EC 

6470 

ABSAV 

DB 

0 


00 

07ED 

6480 

AC3AV 

DB 

0 


00 

07EE 

6490 

ADSAV 

DB 

0 


00 

07EF 

6500 

AEBAV 

DB 

0 


00 

07F0 

6310 

AFSAV 

DB 

0 


00 

07F1 

07F1 

6320 

6330 

a 

•DATA STORAGE AREA 


07F1 

07F1 

6340 

6330 

a 

KFLAG8 

DB 

0 

aKEYBOARD FLAOS 

00 

07F2 

6560 

KDATA1 

DB 

0 

aKEYBOARD INPUT BUFFER 

00 

07F3 

6570 

KDATA2 

DB 

0 


00 

07F4 

6380 

TEMP 

DB 

0 


00 

07F5 

6581 

TEHP2 

DB 

0 


00 

07F6 

6390 

MPA5E1 

DB 

0 

•BASE MEMORY ADDRESS 

00 

07F7 

6600 

MPASE2 

DB 

0 


00 

07F8 

6610 

REGINX 

DB 

0 

•REGISTER INDEX 

00 

07F9 

6620 

TTYI8F 

DS 

2 

•TTY INPUT BUFFER ADDRESS 

07FB 

6630 

TTYODF 

DS 

2 

•TTYOUTPUT BUFFER ADDRESS 

07FD 

6640 

TTYIC 

DB 

0 

•TTY INPUT CHARACTER COUNT 

00 

07FE 

6630 

TTYOC 

DB 

0 

•TTY OUTPUT CHARACTER COUNT 

00 

07FF 

07FF 

6660 

6670 

a 

END 
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Appendix El Electrical Specifications 
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A.C Timing Diagram 
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Appendix E2 CPU Timing 


The Z-SO CPU executes instructions by stepping through a very precise set of a few basic operations. 
These include: 

Memory read or write 
I/O device read or write 
Interrupt acknowledge 


All instructions are merely a series of these basfc operiuons Each of these basic operatic** can lake from 
three to six clock periods to complete or they can be lengthened to synchromae the CPU to the speed of 
external devices. The basic dock periods are referred to as T cydes and the basic operations are referred to 
as M (for machine) cycles. Figure 0 illustrates how a lyptcal instruction will be merely a series of 
specific M and T cycles. Nonce that this instruction consists of three machine cycles (MI, M2 and M3). The 
first machine cyde of any instruction is a fetch cycle which a four. fi*e or ux T cydes long (unless length¬ 
ened by ilie wail signal which will be fully described in the next section). The feich cycle (M1) is used to 
fetch the OP code of the next instruction to be executed. Subsequent machine cydes move data between 
the CPU and memoiy or I/O devices and they may have any where from three to five T cycles (again they 
may be lengthened by wait states to synchronue the external devices to the CPU). The following para¬ 
graphs describe the timing which occurs within any of the basic machine cycles. 



BASIC CPU TIMING EXAMPLE 
FIGURE 0 


All CPU liming can be btoken down into a few very simple liming diagrams as shown in figure I 
through 7. These diagrams show the following basic operations with and without wait states (wait states 
are added to synchronize the CPU to slow memory oe LO devices). 

1. Instruction OP code fetch (Ml cy de) 

2. Memory data tead oe write cydes 

3. I/O read or write cydes 

4. Bus Request/Acknowledge Cyde 

5. Interrupt Rcqucst/Acknowledge Cyde 

6. Non maskable Interrupt Request/Acknowledge Cycle 

7. Exit from a HALT instruction 
Reprinted by permission c i Zilog. Inc. Copyright © 1977 
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INSTRUCTION FETCH 


Figure I shows ihe tinting during an MI cycle (OP code fetch). Noti ce that t he PC is placed on the 
address bus at the beginning of the MI cycle. One half dock time later the MREQ signal to es active. At this 
tune the address to the memory has had time to slabthre so Out the falling edge of MREQ can be used 
directly as a chip enable dock to dynamic memories. The Rl) line also goes actnv to indicate that the 
memory read data should be enabled onto the CPU data bus The CPU samples the data from the memory on 
the data bu s with the ruing edge of the dock of state T3 and this same edge is used by the CPU to turn off 
the HD and MRQ signals Thus the data has already been sampled by the CPU before the IB signal becomes 
mactive. Clock state T3 and T4 of a fetch cycle are used to refresh dynamic memories. (The CPU uses this 
time to decode and execute the fetched instruction so that no other operation could be performed at this 
time) During T3 and T4 the lower 7 bits of the address bus contain a memory refresh address and the RFSlT 
signal becomes active to indicate that a refresh read of all dynamic memories should be accomplished. Notice 
that a!® signal ts not generated d uring re fresh ine to ptevent data from different memory segments from 
being gated onto the data bus. The MREQ signal during refresh time should be used to perform a refresh read 
of all memory elements. The re fresh signal can not be used by itself smcc the rcficsh address ia only guaran¬ 
teed to be stable during WREQ lime. 



Figure IA illustrates how the fetch cycle is delay ed if th e memory activates the WAIT line. Pur- 
Ing T2 and every subsequent Tw. the CPU samples the WAIT line with the falling edge of ♦. If the WAIT 
line is active at this time, another wait state wdl be entered during the following cycle. Using this technique 
the read cycle can be lengthened to match the access time of any type of memory device. 
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INSTRUCTION OP COOE FETCH WITH WAIT STATES 
FIGURE 1A 


MEMORY READ OR WRITE 

Figure 2 llluttraiet the tinting of memory rrad or wute lyilfi olhrt than an OP codr fetch <M I 
cycle Three eyeletareg enerally threeclock pernchlong unite* wad tiatetere requeued by Ihe memory 
vu Ihe WAIT tigiial. The MKI Q ti gn jI and the KDugnal are uted the tame m m the feuh cycle. In the caie 
of ■ ntemoty wine cycle, the SiRTlJ alto becomrt active when the eJdir* hut tt MiNe tothat n c»n be 
uted thirdly at t chip enable foe dynamic memonei The WR line it ectiw when data on the data but It 
liable to that It c an h e utni directly at a R * pulie lo virtually any type of tcnwonducior ittentory. 
Futlheimoic the’WR*ugnal goet inactive one half T tiaie before the aJdtrtt and data but cunlenti air 
changed to that the overlap requirement! for urtiully any type of lentHooduciot memory type will be met. 



MEMORY READ OR WRITE CYCLES 
FIGURE 2 
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Figure 2A illuMrates how a WAIT request signal will lengthen any memory read or write opera¬ 
tion. This operation is identical to that previously described for a fetch cycle. Notare In this figure that a 
separate read and a separate write cycle are shown in the same figure although read and write cycles can 
never occur simultaneously. 
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MEMORY READ OR WRITE CYCLES WITH WAIT STATES 
FIOURE 2A 


INPUT OR OUTPUT CYCLES 

Figure J Illustrates an I/O read oe I/O write operation. Nonce that during I/O operations a single 
wai l slate to automatically inaened The reason foe this a t hat dur ing I/O operations, the tune ftoen when 
the IORQ signal goes Ktive until the CPU must sample the WAlf line U very short and without this extra 
state sufficient lime does not era! foe an I/O port to decode its addreis and activate the WAIT line if a wait 
is required. Also, without this wail suit it ts diffi cult lo design MOS I/O dertces that can operate at full 
CPU speed. During this wait state tune the WAIT request signal is sampled. During a read I/O operation, 
the KD line is used to enable the addressed port onto the data bus just as In the cue of a memory read. Foe 
I/O write operations. theVR lose is used as a dock to the I/O port, again with sufficient overlap timing 
automatically provided so that the rising edge may be used as a data clock. 

Figure 3A illustrates how additional wait Kates may be added with the WAIT line. The operation 
is identical to that previously described. 

BUS REQUEST/ACKNOWLEDGE CYCLE 

Figure 4 illustrates the timing for a Bos Request/Acknowledge cycle The BUSRQ sign al is 
sampled by the CPU with the rising edge of the last dock period of any machine cycle. If the BUSRQ 
signal is active, the CPU will set its address, data and tri-state control signals to the high impedance state 
with the rising edge of the next clock pulse. At that time any external device can control the buses to 
transfer data between memory and I/O devices. (This is generally known as Direct Memory Access (DMA) 
using cycle stealing). The maximum tone for the CPU to respond to a bus request is the length of a machine 
cycle and the external controller can mam tain control of the bus for as many clock cycles as Is desired. 
Note, however, that if very long DMA cycles are used, and dynamic memories are being used, the external 
controller must also perform the refresh function. This situation only occurs if very Urge blocks of data are 
transferred under DMA comroL Also note that during a bus request cycle, the CPU cannot be Interrupted 
by either a NM1 or an INI signaL 
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BUS REQUEST/ACKNOWLEDGE CYCLE 
FIGURE 4 


INTERRUPT REQLESTMCKNOWLEDGE CYCLE 

Figure 5 lUuitratei the liming uiocutrd with an interrupt cycle The interrupt ngnal (INT) U 
umpled by ihe CPU wuh the ming edge of the lau dock at the end of any instruction. The i lgnal wil l not be 
accepted if the internal CPU toflware controlled in tempi enable flip-flop is not set or If the tit SRQ signal 
it active. When the signal a accepted a speci al Ml cy cle n generated. During thu special MI cycle the I (IRQ 
ilgnal become* active (initead of the normal MKEQ) to indicate that the interrupting device can place an 
8-bit vector on the data bu». Notice that two wait itatei are automatically added to thu cycle. These itatei 
ate added to that a tipple priority Interrupt icherae can be eanly Implemenled. The two wait itatei allow 
lufflcient lime for the ripple signals lo slabrlirt and identify which I/O device must uucii the revponie 
vector. 
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NON MASKABLE INTERRUPT RESPONSE 


Figure 6 illustrates the request/acknowledge cycle for the non maskable interrupt. This signal is 
sampled at the same time as the interrupt line, but thrs hne has priority over the normal interrupt and it can 
not be disabled under software control. Its usual function is to provide immediate response to important 
signals such as an impending power failure. The CPU response to a non maskable interrupt is similar to a 
normal memory read operation. The only difference being that the content of the data bus ts Ignored while 
the procesaor lutomatKaHy stores the PC in the external suck and Jumps to location 0066 jj. The service 
routine for the non maskable interrupt must begin at this location if this interrupt is used. 

HALT EXIT 

Whenever a software hilt instruction is executed the CPU begins executing NOPs until an Interrupt Is 
received (either a non maskable ora maskable interrupt while the interrupt flip flop is enabled). The two 
interrupt lines are sampled with the ruing dock edge during each T4 state as shown in figure 7. If a non 
maskable interrupt has been received or a maskable interrupt has been received and the interrupt enable 
flip-flop ts set, then the halt state will be exited on the next rising dock edge. The following cycle will then 
be an interrupt acknowledge cyde correspcedmg lo the type of interrupt that was received. If both are 
received at this time, then the non maskable one w 01 be acknowledged since it has highest priority. The 
purpose of executing NOP instructions while m tM hall state is to keep the memory refresh signals active. 
Each cycle in the halt stale is a normal MI (fetch) cycle except that the data received from the memory is 
ignored and a NOP instruction is forced internally to the CPU. The halt acknowledge signal is active during 
this time to Indicate that the processor is in the halt stale. 
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NON MASKABLE INTERRUPT REQUEST OPERATION 
FIGURE 6 
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Appendix E3 Instruction Set Summary 



ADC HL, as 

Add with Carry Re» pair a to HL 

ADC A. a 

Add with carry operand a to Aa. 

ADD A, n 

Add value n to Ace. 

ADD A.r 

Add Reg. r to Ace. 

ADD A. (HL) 

Add location (HL) to Acc. 

ADD A. (IX*d) 

Add location (IX'd) to Ace. 

ADD A. (IY»d> 

Add location (IY*d» to Ace. 

ADD HL. n 

Add Rt* pel.-to ML 

ADD IX. pp 

Add Reg. pair pp to IX 

ADD IY. rr 

Add Reg. pair r* to IY 

AND i 

Logical AND’ ol operand » and Ace. 

BIT b. (HU 

Teal BIT bof location (HL) 

BIT b. (IX-*d) 

Tett BIT bof location (IX*d> 

BIT b. (IY«d) 

Teat BIT bof location (IY»dl 

BIT b. r 

Tail BIT b ol Reg.r 

CALL oo. nn 

Call wbroutine at location nn H 
condition cc If true 

CALL nn 

Unconditional call aubroutine at 
location nn 

CCF 

Complement cjrry 

CP $ 

Compare operand a with Acc. 

CPD 

Compere location (HI) and Acc. 
decrement HL and BC 

CPDR 

Compare location (HL) and Acc. 
decrement HL and BC, repeat 
until BC=0 

CPI 

Compare location (HU and Acc. 
increment HL and decrement BC 

CPIR 

Compare location (HU and Acc. 
increment HL, decrement BC 
repeat until BC=0 
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CPL 

Complamant Acc. (1't comp) 

OAA 

Decimal adjuat Acc. 

DEC m 

Decrement operand m 

DEC IX 

Decrement IX 

DEC IY 

Decrement IY 

DECu 

Decrement Reg. pair as 

Ol 

Druble intern, pit 

OJNZe 

Decrement B and Jump 
relative H B/0 

El 

Enable interrupts 

EX (SP). HL 

Exchange the location (SP) and HL 

EX (SP). IX 

Exchange the location (SP) end IX 

EX (SP). IY 

Exchange the location (SPI and IY 

EX AF. AF‘ 

Exchange the contanu ol AF 
endAF* 

EX DE. HL 

Exchange tha content! ol DE 
and HL 

EXX 

Exchange the content* ol BC, DE, 
ML with contents ol BC*. DE*. HL* 
re^ectirely 

HALT 

HALT (wait lor interrupt or reeet) 

IMO 

Set interrupt mode 0 

IM 1 

Set interrupt mode 1 

IM2 

Set interrupt mode 2 

IN A. (n) 

Load the Acc. with Input from 
device n 

INr.(C) 

Load the Reg. r with input Irom 
device (0 

INC (HU 

Increment location (HL) 

INC IX 

Increment IX 
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INC (IX*d) 

Increment location (IX*dJ 

INC IY 

Increment IY 

INC (lY.d) 

Increment location (IY*d) 

INC r 

Increment Ref r 

INC n 

Increment Ref pair a 

IND 

Load location IHL) with input 
from port (Cl. decrement HL 
and 8 

INOR 

Load location (HL) wtth input 
from port (C), decrement HL and 
decrement B. repeat until B-0 

INI 

Load location (HL) with Input 
from port (Cl; and increment HL 
and decrement B 

INIR 

Load location (HL) with input 
from port (C). increment HL 
and decrement B. repeat until 

B-0 

JPIHL) 

Unconditional Jump to (HL) 

JP(IX) 

Unconditional Jump W (IX) 

JP(IY) 

Unconditonal Jump to (IY) 

JP ec, nn 

Jump to location nn if 
condition cc te true 

JP r»n 

Unconditional lump to location 

nn 

JPC.e 

Jump relative to PC*e if carry-1 

JR • 

Unconditional Jump relative 
to PC*e 

JP NC. • 

Jump rotative to PC*e If carry-0 

JR NZ. • 

Jump relative to PC*# If non 
*ero(Z-01 

JR Z. • 

Jump rotative to PC*e H aero (Z-1) 

LO A. (BC) 

Load Ace. with location (BC) 

LDA, (DE) 

Load Act. with location (OE) 

LD A, 1 

Load Ace. with 1 

LDA.(nn) 

Load Ace. with location nn 

LD A, R 

Load Acc. with Ref. R 

LD (BC). A 

Load location (BC) with Act. 

LD IDE). A 

Load location (DE) with Ao. 

LDIHU.n 

Load location (HU with value n 

LD dd. nn 

Load Ref. pair dd with value nn 
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LD HL. (nn) 

Load HL with location (nn) 

LD (HU. r 

Load location (HU »ith Reft 

LDI.A 

Load 1 with Acc. 

LF IX. nn 

Load IX with value nn 

LD IX. (nn) 

Load IX with location (nn) 

LD(IX*d).n 

Load location (IX*d) with vriue n 

ID (IX*d),r 

Load location (IX*d) with Rtf r 

LD IY.nn 

Load IY with value nn 

LD IY. (nn) 

Load IV with location (nn) 

LD (IY*d). it 

Load location (IY»d) with value n 

LD (IY*d), r 
LD (nn). A 

Load location 4IY*d) with Ref r 
Load location (nn) with Acc. 

LD (nn). dd 

Load location (nn) with Ref pair dd 

LD (nn). HL 

Load location (nn) with HL 

LD (nn). IX 

Load location (nn) wtth IX 

LD (mi). IY 

Load location (nn) with IY 

LDR.A 

Load R with Arc. 

U> r. (HU 

Load Ref r with location (HU 

LD r, (IX*d) 

Load Ref r with location (IX*d) 

LDr. (IY*d) 

Load Rif r with location (IY«d) 

LOr.n 

Load Ref r with value n 

LDr.r* 

Load R»f r with Ref r' 

LD SP. HL 

load SP with HL 

LD SP. IX 

Load SP with IX 

LD SP. IY 

Load SP with IV 

IDO 

Load location (DE) with location 
(HU. decrement DE. HL end BC 

LDOR 

Load location (DE) with location 
(HL). decrement DE. HL and BC; 
repeat until BOO 

LDI 

Load location (DE) with location 
(HU. increment DE. HU 
decrement BC 

LOIR 

Load location (OE) with location 
(HI), increment DE, HL, 
decrement BC and repeat until 

BC-0 

NEG 

Negate Ace. (Z"i complement) 

NOP 

No operation 
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OR* 

Logical "OR' or opera.id s arvd Aec. 

RSTp 

Restart to location p 

OTDR 

Load output port (Cl with location 
(HU decrement HL and B, repeat 

SBC A.* 

Subtract operand t from Aec. with 


until B=0 


carry 

OTIR 

Load output port (Cl with location 

SBC HL. is 

Subtract Re* pair o from HL with 


(HU, increment HL. decrement B. 
repeat until B-0 

SCF 

cany 

Set carry flag (C-1) 

OUTICJ.r 

Load output port (Cl with Re* r 




SET b. (HU 

Set Bit b of location (HLI 

OUT (n(. A 

Load output port (nl with Act 



OUTD 

Load output pon (Cl with location 

SET b, (IX*d) 

Sat Bit b of location (IX*d) 


(HL). decrement HL and B 

SET b. (IV*d) 

Sat Bit b of location 0Y*d) 

OUTI 

Load output pon (Cl with location 
(HL). increment HL and decrement 

SET b. r 

Set Bit b of Re* r 


B 

SLA m 

Shift operand m left arithmetic 

POP IX 

Load IX with top of Rack 

SR Am 

Shift operand m right arithmetic 

POP IV 

Load IV with top of Rack 


POP cm 

SRLm 

Shift operand m right logical 

Load Re* pa* cm with top of Rack 

SUB. 

Subtract operand > from Aec. 

PUSH IX 

Load IX onto Rack 

XOR t 

E ■elusive ’OR' operand * and Acc. 

PUSH IV 

Load IV onto Rack 



PUSH cm 

Load Re* pa* cm onto Rack 



RES b. m 

Reset Bit b of operand m 



RET 

Return from eufiroutine 



RETce 

Return from wbroutine if condition 
ce H true 



RETI 

Return from intamipt 



RETN 

Return from non madcabie interrupt 



RL m 

Rotate left throu^i carry operand m 



RLA 

Rotate left Acc. through carry 



RLC(HLI 

Rotate location (HLI left circular 



RLC (IX*d) 

Rotate location <IX*d) left circular 



RLC (IY»d) 

Route location (IY*d) left circular 



RLC r 

Routt Re* r left circular 



RLC A 

Route left circular Ace. 



RLD 

Rotitt dijit left md bftwwfl 

Acc. and location (HLI 



RRm 

Route right through carry operand m 



RRA 

Rotate right Ace. throutfi cany 



RRCm 

Route operand m right circular 



RRCA 

Route right circular Acc. 



RRD 

Route digit right and left between 

Acc. and location (HL) 
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GLOSSARY 


Accumulator A temporary register where results of calculations may be stored by the 
central processor. One or more accumulators may be part of the arithmetic-logical 
unit. 


Acoustical coupler A device that permits a terminal to be connected to the computer 
via a telephone line. It connects to the telephone handset. 

Address An identifying number or label for locations in the memory. 

Algorithm A step-by-step solution to a problem in a finite number of steps. A specific 
procedure for accomplishing a desired result. 

ASCII American Standard Code for Information Interchange. Widely used 7-bit 
standard code. Also known as USASC11; IBM uses EBCDIC, which has 6 bit*. 

Assembler A program that converts symbolic instructions into machine macro¬ 
instructions. 

Backplane A board equipped with plugs interconnected by buses into which the 
modules that make up a computer may be inserted. Also known as a motherboard. 

BASIC Beginner s All purpose Symbolic Instruction Code. Algebraic language devel¬ 
oped at Dartmouth College. The language is easy to leant and use. 

Binary A numbering system based on multiple* of two using the digits 0 and 1. 

Bit Abbreviation of binary digit. A single element in a binary number—either a 0 or a 
1. Bits arc represented In a microcomputer by the status of electronic twitches that can 
be either on or off. Four bits equal a rubble; eight bits equal a byte. 

Byte A group of adjacent bits, usually eight bits, which is operated upon as a unit by 
the central processor. 

CMOS Complementary MetalOude Semiconductor. Technology that combines the 
component density of p-channel MOS (PMOS) and the speed of n-channel MOS 
(NMOS). Power consumption is very low. 

Clock A device that generates regular pubes that synchronise events throughout a 
microcomputer. 

Central processor The central processor controb the operation of a microcomputer. 
The central processor can letch and store data and instructions from memory. 

CRT Cathode-Ray Tube. An electronic vacuum tube that can be used for graphic dis¬ 
play. Also refers to a terminal incorporating a CRT. 

Compiler A program that translates high-level programming language into machine 
language. May produce numerous macro-instructions for each high-level instruction, 
unlike an assembler which translates item for item. When using a compiler, one cannot 
change a program without recompilation. 

Development system A microcomputer system having all the related equipment 
necessary for hardware and software development. 

Digital Pertaining to discrete integral numbers in a given base which may express all 
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the variable* occurring in a problem. Represented electronically by 2 (binary) to 16 
(hexadecimal) states at the present time. Contrasts with analog, which refers to a con¬ 
tinuous range of voltage or current quantities. 

Double density Method of doubhng bit density on magnetic storage mediums. 

Dynamic memory Storage of data on dynamic chips in which storage of a small 
charge indicates a bit. Because the charge leaks over time, dynamic memory must be 
periodically refreshed. 

EBCDIC IBM's 8-bit code, siaular to ASCII. 

Editor A program that rearranges text. Permits the addition or deletion of symbols 
and changes of format. 

□A-RS-232C Interface standard lor data transmitted sequentially that Is not syn¬ 
chronous with the central processor. 

EPROM Erasable-Progammable Read-Only Memory. A PROM that can be erased 
and reprogrammed. Some EPROMs have a quart? window over the chip; data can be 
erased by exposure to intense ultraviolet light; other EPROMs may be erased electrical¬ 
ly- 

File A set of related records treated as a unit. 

Fla* A bit attached to a word for identification or for the purpose of signaling some 
condition. Typical microprocessors include carry, tero, sign, overflow and half-carry 
status flags. 

Floating-point package A set of software routines that allows some microcomputers 
to perform floating point arithmetic without the addition of extra hardware. 

FSK Frequency Shift Keying. Technique of transforming bits into two different fre¬ 
quencies representing 0 and 1 foe transmission over telephone or radio lines. The inter¬ 
face device b called a modem. 

Ground Electrical reference point of a circuit. 

Hard-copy Printed output on paper. 

Hardware The physical c o m p onents, peripherals, or other equipment that make up a 
computer system. Contrast with software. 

Hexadecimal A numbering system based on multiples of 16 using the character 0 thru 
9 and A thru F. For example. OB hexadecimal equals 0000 1011 binary. One byte may 
be encoded in exactly 2 hexadecimal symbols. 

High-level language A programming language that is relatively independent of as¬ 
sembler or machine language. The grammar often resembles English and requires a 
compiler or interpreter to convert to executable code. Examples: BASIC, FORTRAN, 
COBOL, ALGOL. PL/M. APL 

Instruction A step in a program that defines an operation together with the 
address(es) of any data needed lor the operation. 

Interface A common boundary between two systems or devices. The hardware or 
software necessary to interconnect two parts of a system. 

Interrupt A break in the execution of a program usually caused by a signal from an 
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external device. 


Kansas City standard Refers to a standard for cassette tape recordings of 
EIA-RS-232C data. Eight cycles of 2400 Hz equals 1. and 4 cycles of 1200 Hz equals 0. 

Least significant bit The binary digit occupying the right-most position in a number 
or word, ic: 2 ° or 1 . 

UFO Last-In, First-Out. Method of accessing the most recent entry, then the next 
most recent, and so on. 

Ught pen Photosensitive device that can be used to change the display on a CRT by 
gcncrating a pulse at the point of contact. 

Machine language Sets of binary integers that may be directly executed as instruc¬ 
tions by the microcomputers without prior interpretation. 

Mass storage Floppy disks, cassettes or tapes used to store large amounts of daU. 
Less accessible, but larger than main storage. 

Memory Storage device for binary information. 

Microcomputer A small computer system capable of performing a basic repertoire of 
instructions. Includes a central processor, often contained on a single chip, memory, 
I/O devices, and power supply. 

Microprocessor A central processor on a chip. A complete processor on a single chip, 
manulactured using microminiature manufacturing techniques, known as LSI (Urge 
scale integration). 

Modem MOdulator—DEModuUtor. Device that transforms binary dau into fre¬ 
quencies suitable for transmission over telephone Imes and back again. 

Monitor A program that controls the operation of basic routines to optimize comput¬ 
er time. 

Most significant bit The binary digit occupying the left most position in a number or 
word, usually 2 or 120 . 

Octal A numbering system based on multiples of eight using digits 0 thru 7. Now 
largely superseded by the hexadecimal system. 

Operating system Software that operates the hardware resources of a microcomput¬ 
er. The operating system may do scheduling, debugging, I/O control, accounting, 
compilation, storage assignment, and data management. 

Parity An extra bit that indicates whether a computer word has an odd or even num¬ 
ber of Is. Used to detect errors. 

Peripheral Any piece of equipment, usually an I/O device, attached to the central 
processor. 

Programmable memory Storage in which access to new information is independent 
of the address previously examined. 

Read-only memory (ROM) Storage that cannot be altered. The information is writ¬ 
ten at the time of manufacture. 

Register A memory device directly accessible by the central processor used for the 


Copyrigh « c * SA »4fe r ial 



temporary storage erf a computer word during arithmetic, logical, or input/output op¬ 
erations. 


S-100 A 100-pin bus used in the popular *000/280 system. 

Software Programs that translate high-level languages into machine language, such 
as compilers, operating systems, assemblers, generators, library routines, and editors. 

Stack A technique of presenting programs sequentially. A stack is a UFO structure 
controlled by PUSH and POP instructions. 

Tiny BASIC The BASIC programming language reduced to a simple form that per¬ 
mits integer arithmetic and some stnng operations. Tiny BASIC usually occupies 4 K 
or less bytes of memory. 

Three-state Capable of existing in three logical states-0 (low). 1 (high), or undefined 
thigh-impedance), le: floating. 

UART Universal Asynchronous Receiver Transmitter. A transmitter that converts 
serial to parallel and viet etna. 

Word A set of bits that occupies one storage location and is Heated as a unit. May 
have any number of bits, but usually 4, 6. or 16. 

Word processor A text editor that allows the user to modify text: formats, books, let¬ 
ters. and reports. 
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Build Your Own Z80 Computer: 

Desi g n Guidelines and A p plication Notes 


“There is a mo/or need for a book such as this. The information is not readily 
available elsewhere Or anywhere There are doiens (hundreds') of microprocessor 
books, but nearly all deal with software and treat hardware as abstractions or block 
diagrams Garcia's book is hieraBy fitted with very useful and practical "hands-on" 
hardware advice, ups and techniques,.. The book will do for the reader what no 
other microprocessor book or manufacturer’s literature I know of does: It will 
enable a person to actually buy individual parts and assemble them into a working 
microcomputer—with peripherals and options' That’s very important. Too bad we 
couldn't have had such a book years ago " 

-Forrest HI ms. Ill 
Contributing Editor ul POPULAR ELECTRONICS 


"To my knowledge the material covered m this book is not available elsewhere 
There is sufficient detail to enable an individual with previous experience to assemble 
a working ZBO based microcomputer from the component level. The design trade¬ 
offs. the circuits, the software, and the test circuits and procedures are discussed at 
a level sufficient for the book to have educational value even if one did not actually 
construct a Z80-based system " 

-Joseph Nichols 
Digital Analysis Corporation 
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